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 Emergency	  Physician	  Documentation	  Quality	  and	  Cognitive	  Load:	  	  Comparison	  of	  Paper	  Charts	  to	  Electronic	  Physician	  Documentation	  	  Reducing	  medical	  error	  remains	  in	  the	  forefront	  of	  healthcare	  reform.	  	  The	  use	  of	  health	  information	  technology,	  specifically	  the	  electronic	  health	  record	  (EHR)	  is	  one	  attempt	  to	  improve	  patient	  safety.	  	  The	  implementation	  of	  the	  EHR	  in	  the	  Emergency	  Department	  changes	  physician	  workflow,	  which	  can	  have	  negative,	  unintended	  consequences	  for	  patient	  safety.	  	  Inaccuracies	  in	  clinical	  documentation	  can	  contribute,	  for	  example,	  to	  medical	  error	  during	  transitions	  of	  care.	  	  	  	  In	  this	  quasi-­‐experimental	  comparison	  study,	  we	  sought	  to	  determine	  whether	  there	  is	  a	  difference	  in	  document	  quality,	  error	  rate,	  error	  type,	  cognitive	  load	  and	  time	  when	  Emergency	  Medicine	  (EM)	  residents	  use	  paper	  charts	  versus	  the	  EHR	  to	  complete	  physician	  documentation	  of	  clinical	  encounters.	  	  Simulated	  patient	  encounters	  provided	  a	  unique	  and	  innovative	  environment	  to	  evaluate	  EM	  physician	  documentation.	  	  Analysis	  focused	  on	  examining	  documentation	  quality	  and	  real-­‐time	  observation	  of	  the	  simulated	  encounter.	  	  	  Results	  demonstrate	  no	  change	  in	  document	  quality,	  no	  change	  in	  cognitive	  load,	  and	  no	  change	  in	  error	  rate	  between	  electronic	  and	  paper	  charts.	  	  There	  was	  a	  46%	  increase	  in	  the	  time	  required	  to	  complete	  the	  charting	  task	  when	  using	  the	  EHR.	  	  Physician	  workflow	  changes	  from	  partial	  documentation	  during	  the	  patient	  encounter	  with	  paper	  charts	  to	  complete	  documentation	  after	  the	  encounter	  with	  electronic	  charts.	  	  Documentation	  quality	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overall	  was	  poor	  with	  an	  average	  of	  36%	  of	  required	  elements	  missing	  which	  did	  not	  improve	  during	  residency	  training.	  	  	  The	  extra	  time	  required	  for	  the	  charting	  task	  using	  the	  EHR	  potentially	  increases	  patient	  waiting	  times	  as	  well	  as	  clinician	  dissatisfaction	  and	  burnout,	  yet	  it	  has	  little	  impact	  on	  the	  quality	  of	  physician	  documentation.	  	  Better	  strategies	  and	  support	  for	  documentation	  are	  needed	  as	  providers	  adopt	  and	  use	  EHR	  systems	  to	  change	  the	  practice	  of	  medicine.	  	   Brian	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  Dixon,	  Ph.D.,	  Chair	  	   	  
	   viii	  
TABLE	  OF	  CONTENTS	  LIST	  OF	  TABLES	  ..........................................................................................................................................................	  x	  LIST	  OF	  FIGURES	  .......................................................................................................................................................	  xi	  LIST	  OF	  ABBREVIATIONS	  ....................................................................................................................................	  xii	  SCIENTIFIC	  BACKGROUND	  ....................................................................................................................................	  1	  Medical	  Records	  and	  Communication	  .........................................................................................................	  2	  Documentation	  Strategies	  .................................................................................................................................	  3	  Design	  and	  Usability	  of	  EHR	  .............................................................................................................................	  4	  Physician	  Documentation	  Training	  ..............................................................................................................	  5	  EHR	  and	  the	  ED	  Physician	  .................................................................................................................................	  6	  Workflow	  Changes	  and	  Cognitive	  Load	  ......................................................................................................	  7	  Measuring	  Cognitive	  Load	  .................................................................................................................................	  8	  Document	  Quality	  .................................................................................................................................................	  8	  Simulation	  and	  Medical	  Training	  ................................................................................................................	  10	  RATIONALE	  ...............................................................................................................................................................	  12	  OBJECTIVES	  ...............................................................................................................................................................	  13	  STUDY	  CONTEXT	  .....................................................................................................................................................	  14	  Organizational	  Setting	  .....................................................................................................................................	  14	  System	  Details	  and	  System	  in	  Use	  ..............................................................................................................	  16	  METHODS	  ...................................................................................................................................................................	  17	  Study	  Design	  ........................................................................................................................................................	  17	  Theoretical	  background	  of	  the	  study	  ........................................................................................................	  17	  Participants	  ..........................................................................................................................................................	  20	  Sample	  Size	  Considerations	  ..........................................................................................................................	  20	  Study	  Flow	  ............................................................................................................................................................	  21	  Outcome	  Measures	  ............................................................................................................................................	  23	  Methods	  for	  Data	  Acquisition	  and	  Measurement	  ................................................................................	  23	  Methods	  for	  Data	  Analysis	  .............................................................................................................................	  27	  Calculations	  ..........................................................................................................................................................	  28	  Quality	  Score	  ...................................................................................................................................................	  28	  Reliability	  .........................................................................................................................................................	  28	  Delta	  Score	  .......................................................................................................................................................	  28	  Efficiency	  ..........................................................................................................................................................	  29	  Accuracy	  ...........................................................................................................................................................	  29	  Percent	  Error	  ..................................................................................................................................................	  29	  Statistical	  Analysis	  .............................................................................................................................................	  30	  RESULTS	  ......................................................................................................................................................................	  31	  Participant	  Selection	  ........................................................................................................................................	  31	  Participant	  Analysis	  ..........................................................................................................................................	  32	  Gold	  Standard	  Analysis	  ...................................................................................................................................	  33	  Primary	  End	  Points	  ...........................................................................................................................................	  34	  Document	  Quality	  .........................................................................................................................................	  34	  Cognitive	  Load	  ...............................................................................................................................................	  35	  Errors	  .................................................................................................................................................................	  36	  Performance	  ...................................................................................................................................................	  37	  Workflow	  .........................................................................................................................................................	  38	  Secondary	  Endpoints	  .......................................................................................................................................	  39	  Error	  Domain	  Analysis	  ...............................................................................................................................	  39	  Impact	  of	  Training	  Level	  ...........................................................................................................................	  40	  Secondary	  Quality	  Indicators	  -­‐	  Efficiency,	  Accuracy,	  and	  Delta	  Scores	  ................................	  41	  
	   ix	  
DISCUSSION	  ...............................................................................................................................................................	  43	  SEIPS	  Model	  ..........................................................................................................................................................	  43	  Chart	  Quality	  ........................................................................................................................................................	  44	  Performance	  .........................................................................................................................................................	  46	  Cognitive	  Load	  .....................................................................................................................................................	  48	  Error	  Analysis	  ......................................................................................................................................................	  49	  Training	  Level	  Effects	  ......................................................................................................................................	  50	  Workflow	  ...............................................................................................................................................................	  51	  LIMITATIONS	  ............................................................................................................................................................	  52	  FUTURE	  DIRECTIONS	  ...........................................................................................................................................	  53	  CONCLUSION	  .............................................................................................................................................................	  54	  APPENDIX	  1	  –	  NASA	  TLX	  .....................................................................................................................................	  55	  Instructions	  for	  NASA	  TLX	  Evaluation	  given	  to	  study	  participants	  .............................................	  55	  Example	  of	  Comparisons	  used	  for	  determining	  weighted	  averages	  ...........................................	  56	  Example	  of	  rating	  scales	  used	  for	  workload	  ..........................................................................................	  56	  NASA	  TLX	  Scoring	  ..............................................................................................................................................	  57	  APPENDIX	  2	  –	  EXAMPLE	  SIMULATION	  CASE	  FILE	  ..................................................................................	  58	  Scenario	  Story	  Board	  ........................................................................................................................................	  60	  Initial	  Presentation	  of	  Patient	  .................................................................................................................	  60	  Transitional	  Period	  ......................................................................................................................................	  60	  Conclusion	  .......................................................................................................................................................	  61	  Story	  Board	  ...........................................................................................................................................................	  63	  APPENDIX	  3	  –	  SAMPLE	  PAPER	  ED	  CHART	  ..................................................................................................	  64	  APPENDIX	  4	  –	  SAMPLE	  EPD	  ED	  CHART	  ........................................................................................................	  68	  APPENDIX	  5	  –	  GOLD	  STANDARD	  EXAMPLE	  ...............................................................................................	  70	  REFERENCES	  .............................................................................................................................................................	  72	  CURRICULUM	  VITAE	  	  	   	  
	   x	  
LIST	  OF	  TABLES	  Table	  1	  -­‐	  Study	  Timeline	  ......................................................................................................................................	  22	  Table	  2	  -­‐	  Chart	  domains	  .......................................................................................................................................	  25	  Table	  3	  -­‐	  NASA-­‐TLX	  Scores	  .................................................................................................................................	  36	  Table	  4	  -­‐	  Error	  Results	  ..........................................................................................................................................	  40	  Table	  5	  -­‐	  Secondary	  Quality	  Measure	  Scores	  ..............................................................................................	  42	  Table	  6	  -­‐	  SEIPS	  Model	  Analysis	  .........................................................................................................................	  44	  	   	  
	   xi	  
LIST	  OF	  FIGURES	  Figure	  1	  -­‐	  Simulation	  Lab	  Patient	  Room	  .......................................................................................................	  11	  Figure	  2	  -­‐	  The	  Simulation	  Lab	  at	  Fairbanks	  Hall	  .......................................................................................	  14	  Figure	  3	  -­‐	  Annotated	  SEIPS	  Model	  for	  Documentation	  Study	  ..............................................................	  19	  Figure	  4	  -­‐	  Study	  Outcomes	  and	  Consequences	  in	  the	  SEIPS	  Work	  Model	  ......................................	  19	  Figure	  5	  -­‐	  Participant	  Selection	  .........................................................................................................................	  31	  Figure	  6	  -­‐	  ABEM	  In-­‐Training	  Scores	  ................................................................................................................	  33	  Figure	  7	  -­‐	  Gold	  Standards	  ....................................................................................................................................	  33	  Figure	  8	  -­‐	  Difference	  Scores	  ................................................................................................................................	  34	  Figure	  9	  –	  Reliability	  ..............................................................................................................................................	  35	  Figure	  10	  -­‐	  Charting	  Errors	  .................................................................................................................................	  37	  FIGURE	  11	  -­‐	  PERFORMANCE	  (CHARTING	  TIME)	  ....................................................................................................	  38	  FIGURE	  12	  -­‐	  ERROR	  DOMAIN	  ANALYSIS	  .................................................................................................................	  39	  FIGURE	  13	  -­‐	  DOMAIN	  DELTA	  SCORES	  ......................................................................................................................	  42	  	  	   	  
	   xii	  
LIST	  OF	  ABBREVIATIONS	  ABEM	   American	  Board	  of	  Emergency	  Medicine	  ARRA	  	  	   American	  Recovery	  and	  Reinvestment	  Act	  CMS	  	   Centers	  for	  Medicare	  and	  Medicaid	  Services	  COW	   Computer	  on	  wheels	  CPOE	  	   Computerized	  Physician	  Order	  Entry	  CPR	   Cardiopulmonary	  resuscitation	  DOB	   Date	  of	  Birth	  ED	  	   Emergency	  Department	  EKG	   Electrocardiogram	  EHR	  	   Electronic	  Health	  Record	  EM	  	   Emergency	  Medicine	  ePD	  	   Electronic	  Physician	  Documentation	  HIT	  	   Health	  Information	  Technology	  HITECH	   Health	  Information	  Technology	  for	  Economic	  and	  Clinical	  Health	  IUSM	  	   Indiana	  University	  School	  of	  Medicine	  IV	   Intravenous	  fluids	  MRN	   Medical	  Record	  Number	  NASA-­‐TLX	  	   National	  Aeronautics	  and	  Space	  Administration	  –	  Task	  Load	  Index	  PE	   Physical	  exam	  R1	   First	  year	  resident	  –	  PGY-­‐1	  R2	   Second	  year	  resident	  –	  PGY-­‐2	  R3	   Third	  year	  resident	  –	  PGY-­‐	  3	  RRC	   Residency	  Review	  Committee	  RSI	   Rapid	  sequence	  intubation	  SEIPS	   Systems	  Engineering	  Initiative	  for	  Patient	  Safety	  SimLab	   Simulation	  Laboratory	  WOW	   Workstation	  on	  wheels	  
	  	   	  
	  1	  
SCIENTIFIC	  BACKGROUND	  “To	  err	  is	  human”	  the	  1999	  IOM	  report	  brought	  patient	  safety	  to	  the	  forefront	  of	  medicine	  (1).	  	  The	  culture	  of	  medicine	  has	  changed	  with	  diverse	  interventions	  from	  assessing	  patients	  for	  fall	  risks	  and	  standardizing	  handoffs	  to	  medication	  reconciliation	  and	  electronic	  health	  records	  in	  an	  attempt	  to	  decrease	  medical	  error.	  	  Some	  of	  these	  interventions	  solve	  safety	  problems	  but	  also	  can	  introduce	  unintended	  safety	  consequences.	  	  Introduced	  in	  2009	  as	  part	  of	  the	  American	  Recovery	  and	  Reinvestment	  Act,	  Health	  Information	  Technology	  for	  Economic	  and	  Clinical	  Health	  (HITECH)	  was	  aimed	  at	  modernizing	  the	  health	  care	  system	  through	  health	  information	  technology	  as	  a	  way	  to	  improve	  the	  quality	  of	  health	  care	  while	  lowering	  costs	  and	  reducing	  preventable	  medical	  errors	  (2).	  	  HITECH	  provides	  incentives	  for	  physicians	  and	  hospitals	  through	  Medicare	  and	  Medicaid	  for	  “meaningful	  use”	  of	  electronic	  health	  records	  (EHRs)	  (2,	  3).	  	  Meaningful	  use	  requires	  EHR	  systems	  to	  support	  data	  capture,	  tracking	  of	  clinical	  outcomes,	  reporting	  clinical	  quality	  measures,	  interoperability,	  lab	  reporting	  and	  e-­‐prescribing,	  decision	  support	  and	  patient	  engagement	  (2,	  3).	  	  Implementing	  EHRs	  without	  meeting	  meaningful	  use	  guidelines	  does	  not	  qualify	  the	  hospital	  or	  provider	  for	  additional	  incentives	  (2,	  3).	  	  The	  United	  States	  government	  has	  committed	  over	  $20	  billion	  to	  training,	  research	  and	  incentives	  for	  HITECH	  (2).	  	  Projected	  benefits	  of	  EHRs	  include	  improved	  patient	  safety,	  disease	  prevention,	  chronic	  disease	  management,	  improved	  efficiency,	  and	  decreased	  cost	  through	  communication,	  coordination,	  and	  decision	  support	  (2,	  4).	  	  Cost	  savings	  for	  healthcare	  in	  the	  United	  States	  is	  estimated	  at	  $81	  billion	  annually	  (5,	  6).	  	  The	  initial	  studies	  of	  EHR	  implementation	  have	  mixed	  results	  (7).	  Some	  results	  support	  the	  claims	  of	  improvements	  in	  billing	  (8),	  improvements	  in	  accuracy	  of	  documentation	  (9-­‐11),	  decreases	  in	  repeated	  testing	  (12,	  13),	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decreases	  in	  medication	  errors	  (4,	  13),	  and	  decreases	  in	  preventable	  medical	  error	  (4,	  14).	  	  Other	  results	  illuminate	  the	  unintended	  consequences	  of	  the	  EHR,	  including	  increased	  provider	  time	  at	  the	  computer	  (8,	  11,	  15-­‐18),	  little	  impact	  on	  recording	  specific	  quality	  measures	  (smoking,	  BMI,	  immunization	  status)	  (19-­‐21),	  increased	  inaccuracy	  of	  documentation	  (22-­‐24),	  information	  overload	  (23,	  25),	  billing	  fraud	  (26),	  and	  increased	  medical	  error	  (14).	  	  The	  driving	  force	  for	  electronic	  medical	  records	  has	  been	  increasing	  revenue	  through	  improved	  billing	  (22,	  27).	  Payers	  require	  physicians	  to	  record	  certain	  data	  sets	  before	  they	  approve	  reimbursement	  for	  services	  rendered	  (22,	  27).	  	  These	  data	  sets	  are	  often	  not	  necessarily	  required	  to	  document	  the	  care	  of	  the	  patient	  nor	  are	  they	  necessary	  to	  telling	  the	  story	  of	  the	  healthcare	  encounter	  (8).	  	  
Medical	  Records	  and	  Communication	  Florence	  Nightingale	  observed,	  “In	  attempting	  to	  arrive	  at	  the	  truth,	  I	  have	  applied	  everywhere	  for	  information,	  but	  in	  scarcely	  an	  instance	  have	  I	  been	  able	  to	  obtain	  hospital	  records	  fit	  for	  any	  purposes	  of	  comparison.	  	  If	  they	  could	  be	  obtained,	  they	  would	  enable	  us	  to	  decide	  many	  other	  questions	  besides	  the	  one	  alluded	  to.	  They	  would	  show	  subscribers	  how	  their	  money	  was	  being	  spent,	  what	  amount	  of	  good	  was	  really	  being	  done	  with	  it…	  if	  wisely	  used,	  these	  improved	  statistics	  would	  tell	  us	  more	  of	  the	  relative	  value	  of	  particular	  operations	  and	  modes	  of	  treatment	  …	  and	  the	  truth	  thus	  ascertained	  would	  enable	  us	  to	  save	  life	  and	  suffering,	  and	  to	  improve	  the	  treatment	  and	  management	  of	  the	  sick	  and	  maimed	  poor.”	  (28)	  	  Hippocrates	  developed	  the	  first	  medical	  record	  in	  the	  fifth	  century	  B.C.	  to	  do	  two	  things:	  accurately	  reflect	  the	  course	  of	  disease	  and	  indicate	  the	  probable	  cause	  of	  disease	  (29).	  	  From	  this	  humble	  beginning,	  medical	  records	  have	  evolved	  through	  paper	  folders	  to	  electronic	  records	  to	  electronic	  records	  integrated	  with	  decision	  support,	  billing	  information,	  alerts,	  and	  ordering	  systems	  (29,	  30).	  	  “The	  medical	  record	  is	  an	  electronic	  or	  paper	  document	  containing	  factual	  information	  regarding	  a	  patient’s	  health	  status	  and	  the	  corresponding	  medical	  opinions	  based	  on	  that	  information”	  (31).	  	  Physicians	  document	  
	  3	  
patient	  encounters	  in	  the	  medical	  record	  during	  and	  following	  a	  visit.	  	  The	  modern	  medical	  record	  is	  used	  for	  communication,	  billing,	  planning,	  recording,	  and	  legal	  defense	  (31,	  32).	  	  It	  is	  no	  longer	  just	  a	  place	  to	  document	  the	  cause	  and	  course	  of	  disease	  and	  sometimes	  it	  seems	  that	  it	  is	  only	  for	  billing	  purposes	  (7).	  	  	  Communication	  of	  patient	  data	  including	  medications,	  treatments,	  past	  history,	  allergies,	  comorbidities,	  and	  treatment	  plan	  should	  be	  the	  primary	  function	  of	  the	  medical	  record	  rather	  than	  a	  secondary	  function	  (8).	  	  Accuracy	  of	  the	  medical	  record	  is	  vital	  to	  patient	  safety	  (33)	  and	  to	  develop	  evidence	  based	  practice	  (EBP)	  guidelines.	  	  Recording	  tasks	  and	  communication	  failures	  have	  been	  identified	  as	  primary	  factors	  in	  medical	  error	  (34,	  35).	  	  Documentation	  is	  worse	  at	  times	  of	  care	  transition	  like	  discharge	  from	  the	  emergency	  department	  (ED)	  or	  transfer	  to	  the	  inpatient	  setting	  (34).	  	  Communication	  of	  care	  delivered	  in	  the	  ED,	  especially	  at	  care	  transitions	  is	  paramount	  to	  continuity	  of	  care	  and	  patient	  safety	  (35).	  	  Communication	  issues	  at	  care	  transitions	  account	  for	  an	  estimated	  70	  -­‐	  80%	  of	  medical	  errors	  affecting	  49%	  of	  patients	  discharged	  from	  hospitals	  (35).	  	  For	  ED	  patients,	  the	  medical	  record	  is	  often	  the	  only	  communication	  between	  the	  ED	  and	  other	  physicians	  caring	  for	  the	  patient	  (34).	  	  	  	  	  	  	  
Documentation	  Strategies	  Physician	  documentation	  has	  evolved	  over	  time	  from	  simple	  record	  keeping	  to	  healthcare	  team	  communication,	  research,	  legal	  defense,	  and	  billing	  documents.	  	  Many	  strategies	  have	  been	  employed	  to	  improve	  documentation	  for	  these	  secondary	  purposes	  including	  templates	  and	  most	  recently	  electronic	  documentation	  modules	  in	  EHRs	  (36-­‐38).	  	  Studies	  designed	  to	  evaluate	  template	  driven	  charting	  versus	  freeform	  charting	  support	  the	  potential	  benefit	  of	  improved	  documentation	  with	  EHR	  systems	  (34,	  36,	  37).	  	  Several	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studies	  have	  addressed	  the	  issue	  of	  improving	  documentation	  in	  medical	  record	  using	  different	  input	  methods	  like	  template	  driven	  charts,	  dictation,	  voice	  recognition	  software,	  bar	  coding,	  and	  scribes	  (36-­‐40).	  	  Dictation	  or	  voice	  recognition	  appears	  to	  be	  faster	  and	  more	  accurate	  (39,	  40).	  	  Interface	  design	  research	  supports	  the	  idea	  of	  improved	  job	  performance	  when	  matching	  system	  capabilities	  to	  operator	  needs	  (41).	  	  This	  would	  include	  EHR	  workflow,	  data	  display,	  and	  ease	  of	  input	  method	  (42).	  	  Clinical	  documentation	  in	  the	  ED	  ranges	  from	  notes	  taken	  on	  scrub	  pants,	  sheets	  or	  paper	  towels	  to	  detailed	  narrative	  notes	  in	  the	  EHR	  system	  (34).	  	  The	  unpredictable	  acuity,	  census	  and	  workflow	  in	  the	  ED	  often	  requires	  practitioners	  to	  complete	  clinical	  documentation	  at	  the	  end	  of	  a	  shift	  based	  on	  notes	  taken	  during	  the	  patient	  encounters	  or	  from	  memory	  (43).	  	  The	  traditional	  electronic	  physician	  documentation	  (ePD)	  may	  not	  be	  ideal	  for	  ED	  physicians	  who	  need	  a	  place	  to	  jot	  notes	  to	  remind	  them	  of	  what	  was	  done	  so	  they	  can	  write	  the	  notes	  when	  there	  is	  time.	  	  
Design	  and	  Usability	  of	  EHR	  Usability	  testing	  is	  essential	  to	  ensuring	  patient	  safety	  when	  HIT	  is	  implemented	  in	  the	  clinical	  environment.	  	  Usability	  testing	  for	  HIT	  primarily	  occurs	  in	  two	  phases,	  prior	  to	  implementation	  (laboratory	  testing)	  and	  post	  implementation	  (in	  situ)	  (44-­‐46).	  	  Laboratory	  usability	  testing	  is	  done	  to	  ensure	  that	  the	  HIT	  does	  what	  it	  is	  suppose	  to	  do,	  is	  “easy”	  to	  learn,	  and	  is	  useful	  to	  the	  end	  user.	  	  In	  situ	  testing	  is	  done	  to	  identify	  workflow	  issues,	  ease	  of	  use,	  as	  well	  as	  usefulness	  to	  the	  end	  user	  and	  focuses	  on	  workflow	  and	  integration	  of	  clinical	  decision	  support	  into	  the	  workflow	  (47,	  48).	  	  Usability	  testing	  for	  HIT	  in	  situ	  generally	  includes	  ethnographic	  observations,	  questionnaires,	  focus	  groups,	  and	  interviews.	  	  A	  recent	  case	  report	  describes	  the	  feasibility	  of	  HIT	  testing	  in	  high	  fidelity	  simulation	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laboratories	  as	  an	  alternative	  to	  developing	  artificial	  cases	  in	  the	  laboratory	  or	  observation	  in	  the	  clinical	  environment	  (45).	  	  The	  advantage	  of	  using	  the	  simulation	  environment	  is	  a	  realistic	  setting,	  clinical	  scenarios	  that	  can	  be	  controlled	  and	  repeated,	  and	  access	  to	  the	  training	  environment	  for	  the	  HIT	  application	  (45).	  	  The	  results	  of	  usability	  studies	  are	  mixed	  with	  some	  reporting	  improvements	  in	  workflows	  and	  guideline	  adherence	  (49)	  and	  others	  reveal	  unintended	  consequences	  like	  increased	  time	  required	  to	  complete	  tasks	  in	  the	  EHR	  (8,	  11,	  15-­‐18).	  	  
Physician	  Documentation	  Training	  	  Physician	  training	  prior	  to	  EHR	  implementation	  varies	  from	  voluntary	  to	  mandatory	  and	  on	  the	  job	  training	  to	  twelve	  or	  more	  classroom	  hours	  depending	  on	  the	  system	  and	  workplace	  mandates	  (8).	  	  Often	  training	  takes	  place	  many	  months	  prior	  to	  the	  “go-­‐live”	  which	  theoretically	  allows	  time	  to	  practice	  in	  the	  training	  environment,	  but	  more	  likely	  allows	  time	  to	  forget	  what	  was	  learned	  in	  training.	  	  It	  is	  difficult	  for	  many	  physicians	  to	  justify	  time	  away	  from	  patient	  care	  to	  train	  in	  a	  system	  that	  will	  not	  be	  in	  place	  for	  many	  months	  and	  that	  they	  do	  not	  believe	  will	  be	  beneficial	  to	  them.	  	  	  	  Historically,	  medical	  students	  and	  residents	  receive	  little	  formal	  training	  related	  to	  communication	  of	  patient	  care	  in	  the	  medical	  record	  which	  often	  results	  in	  incomplete	  documentation	  (50).	  	  Just	  68%	  of	  US	  medical	  schools	  formally	  teach	  students	  what	  to	  document	  and	  how	  to	  write	  progress	  notes	  in	  the	  medical	  record	  (51).	  	  Isoardi	  found	  20%	  of	  EM	  physicians	  and	  5%	  of	  interns	  had	  formal	  medical	  documentation	  training	  when	  conducting	  interviews	  about	  intern	  documentation	  (52).	  	  Lack	  of	  training	  is	  magnified	  by	  lack	  of	  practice	  with	  the	  adoption	  of	  EHR	  systems.	  	  Over	  50%	  of	  US	  medical	  students	  are	  not	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permitted	  to	  write	  notes	  in	  EHRs	  (51).	  	  As	  EHR	  adoption	  grows,	  the	  need	  for	  teaching	  documentation	  skills	  is	  more	  critical	  to	  ensure	  good	  communication	  between	  providers.	  	  
EHR	  and	  the	  ED	  Physician	  As	  of	  this	  writing,	  there	  are	  more	  than	  150	  different	  EHR	  vendors.	  	  The	  majority	  focus	  on	  inpatient	  or	  ambulatory	  care	  but	  only	  a	  few	  have	  ED-­‐specific	  applications	  (8).	  	  The	  ED	  interacts	  with	  all	  hospital	  units	  including	  registration,	  billing,	  inpatient	  services,	  laboratory,	  radiology,	  and	  pharmacy	  (53)	  as	  well	  as	  outpatient	  clinics	  and	  private	  physicians.	  	  Emergency	  department	  services	  encompass	  all	  medical	  specialties,	  integrate	  triage	  notes,	  mechanisms	  of	  injury,	  serial	  focused	  exams,	  and	  notes	  from	  several	  consultants	  into	  the	  EHR,	  and	  involve	  multiple	  simultaneous	  providers	  caring	  for	  multiple	  simultaneous	  patients	  (34).	  	  Time	  is	  a	  precious	  commodity	  in	  the	  ED	  and	  can	  often	  be	  the	  difference	  between	  life	  and	  death	  or	  significant	  mortality.	  	  In	  studies	  of	  ePD	  implementation,	  physicians	  self-­‐report	  increased	  time	  needed	  to	  document	  following	  EHR	  introduction	  (18,	  54-­‐56).	  	  The	  data	  elements	  required	  for	  an	  electronic	  information	  system	  that	  supports	  the	  ED	  model	  of	  medical	  care	  are	  different	  from	  both	  inpatient	  and	  ambulatory	  care	  systems	  (53,	  57).	  	  	  	  ED	  Physicians	  have	  different	  time	  pressures	  and	  information	  needs	  than	  both	  inpatient	  and	  ambulatory	  care	  physicians	  (34).	  	  The	  information	  need	  in	  the	  ED	  is	  often	  narrow	  and	  problem	  focused	  (34).	  	  ED	  physicians	  focus	  solely	  on	  the	  present	  illness	  or	  injury	  and	  do	  not	  worry	  about	  preventative	  guidelines	  for	  the	  majority	  of	  their	  patients.	  	  For	  example,	  ED	  physicians	  do	  not	  need	  to	  know	  about	  screening	  colonoscopy	  orders,	  pap	  smears	  or	  smoking	  cessation	  programs,	  but	  do	  need	  up	  to	  date	  tetanus	  status,	  medications,	  and	  advanced	  directives.	  	  The	  patient	  has	  no	  previous	  relationship	  with	  the	  ED	  physician	  and	  in	  the	  past	  has	  been	  the	  only	  source	  of	  past	  medical	  history	  leaving	  the	  physician	  with	  often	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unreliable	  and	  incomplete	  information	  (34).	  	  The	  introduction	  of	  the	  EHR	  into	  the	  ED	  can	  bridge	  the	  gap	  and	  provide	  access	  to	  the	  required	  information	  (7).	  	  The	  ED	  physician	  needs	  rapid	  access	  to	  an	  accurate	  overview	  or	  summary	  of	  past	  medical	  history,	  medication	  history,	  allergies,	  advanced	  directives,	  and	  recent	  healthcare	  encounters	  to	  adequately	  care	  for	  the	  patient	  (53).	  	  ED	  physicians	  often	  work	  in	  more	  than	  one	  hospital	  and	  as	  such	  can	  encounter	  different	  EHRs	  requiring	  them	  to	  learn	  to	  navigate	  multiple	  systems	  with	  multiple	  requirements.	  	  A	  recent	  survey	  of	  those	  entering	  their	  first	  year	  of	  emergency	  medicine	  residencies	  (not	  yet	  published)	  revealed	  that	  medical	  students	  encounter	  an	  average	  of	  3-­‐5	  different	  EHRs	  during	  their	  clinical	  years	  in	  medical	  school	  (58).	  	  	  
	  
Workflow	  Changes	  and	  Cognitive	  Load	  Humans	  are	  very	  good	  at	  pattern	  recognition.	  	  Studies	  of	  “expert”	  physicians	  suggest	  that	  physicians	  rely	  on	  patterns	  of	  data	  to	  make	  accurate	  diagnoses	  (59).	  	  The	  EHR	  offers	  new	  opportunities	  for	  important	  data	  to	  be	  overlooked	  by	  the	  physician	  because	  it	  appears	  on	  another	  screen	  or	  is	  imported	  by	  a	  mouse	  click	  and	  not	  reviewed	  by	  the	  harried	  provider	  (22).	  	  The	  1999	  Institute	  of	  Medicine	  Report,	  “To	  Err	  is	  Human,”	  sparked	  sweeping	  changes	  in	  the	  patient	  safety	  culture	  throughout	  the	  United	  States.	  	  Understanding	  the	  factors	  involved	  in	  medical	  error	  help	  guide	  preventative	  measures	  (14).	  	  Studies	  have	  identified	  communication,	  interruption	  (60),	  change	  in	  cognitive	  load	  (10,	  14),	  and	  simple	  calculations	  as	  potential	  factors	  in	  medical	  error	  (61,	  62).	  Interruption	  studies	  in	  the	  ED	  show	  physicians	  are	  interrupted	  50%	  of	  the	  time	  while	  charting	  or	  reviewing	  information,	  but	  only	  15%	  of	  the	  time	  while	  on	  the	  telephone	  (35,	  60).	  	  Reduction	  of	  medical	  errors	  will	  require	  a	  system	  that	  reduces	  interruptions	  and	  distractions	  in	  the	  ED	  (63).	  	  Changing	  cognitive	  patterns	  causes	  error,	  which	  can	  lead	  to	  patient	  harm	  (14).	  	  The	  introduction	  of	  the	  EHR	  directly	  changes	  cognitive	  patterns	  in	  physicians	  (8,	  14).	  	  EHR	  implementation	  also	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requires	  a	  change	  in	  documentation	  practice	  and	  data	  input	  methods	  (8).	  	  As	  a	  result,	  patient	  safety	  may	  be	  adversely	  affected.	  	  Surrogate	  measures	  for	  patient	  safety	  improvement	  including	  decreased	  cognitive	  load,	  improved	  documentation	  quality	  and	  better	  efficiency	  are	  suggested	  in	  human	  factors	  and	  psychology	  research	  (62,	  64).	  	  
Measuring	  Cognitive	  Load	  The	  NASA	  Task	  Load	  Index	  (TLX)	  has	  been	  used	  by	  NASA	  and	  others	  for	  over	  20	  years	  and	  has	  been	  validated	  for	  use	  in	  many	  fields	  including	  aeronautics,	  health	  care,	  computer	  interface	  design,	  automobile	  drivers,	  and	  portable	  electronics	  users	  in	  both	  real	  and	  simulated	  environments	  (35,	  65).	  	  Users	  of	  the	  TLX	  have	  evaluated	  the	  task	  load	  of	  activities	  ranging	  from	  flying	  to	  communication,	  decision-­‐making,	  computer	  usability,	  and	  teamwork	  (35,	  64).	  	  The	  TLX	  scale	  is	  used	  as	  a	  benchmark	  for	  the	  validation	  of	  other	  measures,	  theories	  and	  models	  of	  subjective	  task	  load	  (66).	  	  	  The	  TLX	  assessment	  (appendix	  1)	  is	  a	  multi-­‐dimensional	  scale	  that	  measures	  workload	  score	  based	  on	  the	  weighted	  average	  of	  six	  subscales	  (perceived	  mental	  demand,	  physical	  demand,	  temporal	  demand,	  performance,	  effort,	  and	  frustration)	  (65).	  	  Human	  factors	  researchers	  suggest	  that	  perceived	  cognitive	  load	  is	  an	  important	  factor	  in	  error	  prevention	  (14,	  41).	  	  	  	  
Document	  Quality	  There	  have	  been	  numerous	  studies	  conducted	  to	  evaluate	  the	  impact	  of	  electronic	  health	  records	  on	  billing	  and	  coding,	  physician	  satisfaction,	  and	  documentation	  of	  specific	  health	  prevention	  activities	  (like	  smoking	  status	  and	  BMI)	  (19-­‐21).	  	  Studies	  of	  document	  quality	  after	  EHR	  implementation	  have	  had	  mixed	  results	  with	  some	  showing	  improved	  coding	  and	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billing	  (37)	  and	  others	  no	  change	  in	  coding	  and	  billing	  (67,	  68).	  	  CMS	  and	  other	  insurance	  billers	  require	  certain	  data	  elements	  to	  be	  documented	  for	  each	  patient	  encounter	  for	  billing	  purposes	  that	  do	  not	  add	  to	  the	  clinical	  picture	  for	  the	  patient.	  	  The	  need	  to	  include	  these	  non-­‐essential	  data	  elements	  encourages	  providers	  to	  copy	  and	  paste	  from	  previous	  documents	  to	  avoid	  typing	  the	  same	  information	  over	  again	  and	  as	  a	  result,	  many	  of	  the	  documents	  in	  the	  EHR	  are	  never	  reviewed	  by	  anyone	  other	  than	  the	  author	  (18).	  	  Since	  the	  medical	  record	  is	  primarily	  for	  communication	  between	  health	  care	  providers,	  the	  important	  question	  is	  whether	  the	  EHR	  improves	  the	  quality	  of	  clinical	  data.	  	  There	  are	  few	  studies	  reported	  in	  the	  literature	  that	  prospectively	  evaluate	  clinical	  document	  quality	  and	  none	  that	  compare	  paper	  charts	  to	  ePD.	  	  Bergrath	  used	  simulated	  patient	  scenarios	  to	  evaluate	  electronic	  document	  quality	  for	  ambulance	  crews	  and	  found	  40%	  of	  charts	  had	  errors	  in	  documentation	  when	  evaluated	  based	  on	  the	  videotape	  of	  the	  simulation	  encounter	  (69).	  	  The	  study	  postulated	  that	  electronic	  records,	  quality	  management	  and	  training	  might	  improve	  documentation	  and	  suggested	  future	  research	  confirm	  this	  hypothesis	  (69).	  	  A	  2009	  Canadian	  study	  evaluating	  physician	  documentation	  by	  obstetrics	  residents	  following	  a	  simulated	  operative	  delivery	  documented	  that	  71%	  of	  the	  correct	  elements	  (based	  on	  a	  standard	  required	  data	  set)	  were	  found	  on	  the	  chart	  (70).	  	  This	  study	  concluded	  that	  simulation	  can	  be	  used	  for	  formative	  evaluation	  of	  documentation	  skills	  and	  help	  identify	  deficiencies	  (70).	  	  A	  study	  by	  Carroll	  in	  2003	  evaluating	  resident	  progress	  notes	  found	  documentation	  errors	  in	  2/3	  of	  the	  resident	  notes	  (71).	  	  A	  2008	  Australian	  study	  compared	  electronic	  documentation	  to	  paper	  charts	  using	  simulated	  asthma	  patients	  and	  found	  improved	  documentation	  of	  critical	  events	  in	  electronic	  documentation	  (49).	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Simulation	  and	  Medical	  Training	  Medical	  simulation	  is	  designed	  to	  educate	  physicians	  and	  other	  healthcare	  providers	  and	  broaden	  their	  experiences	  with	  critical	  patients	  (72).	  	  The	  simulation	  scenario	  is	  set-­‐up,	  monitored,	  and	  controlled	  based	  on	  the	  learner’s	  actions.	  	  Medical	  simulation	  began	  in	  the	  1980’s	  with	  anesthesia	  training	  and	  recently	  is	  becoming	  the	  norm	  for	  medical	  education	  in	  other	  specialties	  (73-­‐79).	  	  The	  simulation	  environment	  allows	  the	  learner	  to	  practice	  evaluations	  and	  procedures,	  “see”	  patients	  with	  rare	  diseases,	  and	  make	  diagnostic	  and	  treatment	  errors	  without	  harming	  real	  patients.	  	  The	  high	  fidelity	  mannequins	  used	  in	  simulation	  labs	  allow	  the	  learner	  to	  do	  a	  complete	  physical	  exam	  with	  appropriate	  finding	  for	  the	  simulated	  clinical	  scenario	  including	  heart	  and	  breath	  sounds,	  pupil	  response,	  pulses	  in	  extremities,	  and	  voice	  response	  to	  questions.	  	  The	  simulation	  laboratory	  environment	  looks	  and	  feels	  like	  a	  real	  exam	  or	  hospital	  room	  including	  access	  to	  working	  oxygen	  and	  suction	  setups,	  telephones,	  computers,	  crash	  carts	  with	  defibrillators,	  airway	  boxes,	  bedside	  monitors,	  IV	  pumps,	  and	  ventilators.	  	  Multispecialty	  scenarios	  include	  nurses,	  physicians,	  pre-­‐hospital	  providers,	  respiratory	  care,	  and	  pharmacy	  technicians	  to	  improve	  the	  realism	  of	  the	  environment.	  	  There	  are	  currently	  149	  healthcare	  simulation	  centers	  in	  the	  US	  registered	  with	  the	  Society	  for	  Simulation	  in	  Healthcare	  with	  33	  of	  them	  fully	  accredited.	  	  	  	  The	  Indiana	  University	  School	  of	  Medicine	  (IUSM)	  Emergency	  Medicine	  residents	  complete	  up	  to	  60	  different	  simulation	  scenarios	  during	  the	  three	  years	  of	  residency	  and	  IUSM	  medical	  students	  complete	  three	  simulation	  scenarios	  during	  the	  required	  EM	  clerkship.	  	  The	  simulation	  scenarios	  compliment	  clinical	  training	  by	  providing	  experience	  with	  rare	  or	  complicated	  disease	  processes	  in	  a	  setting	  where	  the	  consequences	  of	  trainee	  actions	  are	  not	  harmful	  to	  patients.	  	  Medical	  students	  learn	  basic	  procedural	  skills	  at	  the	  beginning	  of	  third	  year	  before	  embarking	  on	  clinical	  clerkships	  in	  the	  simulation	  center.	  	  In	  addition	  to	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the	  required	  simulation	  scenarios,	  EM	  residents	  learn	  airway	  management,	  ultrasound,	  and	  managing	  multiple	  patients	  in	  the	  simulation	  lab.	  	  The	  simulation	  center	  is	  an	  ideal	  setting	  to	  study	  the	  changes	  in	  workflow	  with	  the	  implementation	  of	  the	  EMR	  into	  the	  workplace	  without	  jeopardizing	  patient	  safety	  (45).	  	  	  
	  
Figure	  1	  -­‐	  Simulation	  Lab	  Patient	  Room	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RATIONALE	  The	  purpose	  of	  this	  study	  was	  to	  evaluate	  the	  impact	  of	  ePD	  on	  ED	  physician	  documentation	  quality	  and	  perceived	  cognitive	  load.	  	  Communication	  of	  ED	  patient	  care	  upon	  transition	  to	  inpatient	  or	  outpatient	  follow-­‐up	  is	  essential	  for	  continuity	  and	  patient	  safety.	  	  It	  is	  important	  to	  understand	  the	  change	  in	  documentation	  quality	  when	  an	  ePD	  is	  implemented	  in	  the	  workflow	  in	  the	  ED	  in	  order	  to	  minimize	  any	  negative	  impact	  on	  patient	  safety.	  	  There	  are	  no	  previous	  studies	  evaluating	  the	  impact	  of	  the	  clinical	  documentation	  requirements	  of	  ePDs	  on	  physician	  cognitive	  load	  and	  documentation	  quality	  in	  the	  ED	  setting.	  	  The	  results	  of	  
this	  study	  will	  inform	  ePD	  and	  EHR	  design,	  training,	  and	  adoption	  with	  the	  goal	  of	  minimizing	  
cognitive	  load,	  maximizing	  efficiency,	  and	  improving	  document	  quality	  in	  order	  to	  improve	  
patient	  safety	  in	  the	  ED.	  Document	  quality	  results	  can	  be	  used	  to	  direct	  future	  educational	  
efforts	  in	  medical	  record	  documentation.	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OBJECTIVES	  The	  overall	  question	  motivating	  this	  study	  is	  what	  happens	  to	  the	  quality	  of	  clinical	  documentation	  after	  the	  implementation	  of	  an	  ePD	  in	  the	  emergency	  department	  of	  a	  large	  urban	  teaching	  hospital	  including	  physician	  cognitive	  load	  and	  time	  requirements.	  	  The	  hypothesis	  is	  that	  the	  use	  of	  ePD	  will	  improve	  document	  quality,	  but	  will	  increase	  cognitive	  load	  and	  time	  requirements	  when	  compared	  to	  paper	  charting.	  	  The	  Indiana	  University	  Institutional	  Review	  Board	  approved	  this	  study.	  	  The	  IUSM	  Emergency	  Medicine	  Residency	  Directors	  and	  the	  IU	  Emergency	  Medicine	  Chair	  approved	  the	  involvement	  of	  EM	  residents	  in	  this	  study.	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STUDY	  CONTEXT	  
Organizational	  Setting	  This	  study	  was	  conducted	  at	  The	  Simulation	  Center	  at	  Fairbanks	  Hall	  (SimLab)	  located	  in	  Indianapolis,	  Indiana.	  	  The	  simulation	  center	  has	  10	  clinic	  exam	  rooms,	  8	  classrooms,	  8	  debriefing	  rooms,	  operating	  room	  and	  OR	  support	  rooms,	  ER	  and	  ICU	  rooms,	  flexible	  room,	  transport	  room	  (with	  a	  complete	  ambulance	  body),	  5	  bed	  inpatient	  suite	  with	  nurses’	  station,	  pharmacy,	  laboratory	  and	  respiratory	  care,	  and	  an	  OB	  suite.	  	  The	  center	  has	  computer	  workstations	  in	  each	  of	  the	  patient	  rooms,	  in	  a	  physician	  workroom	  and	  the	  nurses’	  station	  in	  the	  inpatient	  suite,	  as	  well	  as	  computers	  on	  wheels	  (COWs)	  that	  are	  connected	  to	  the	  training	  domain	  for	  the	  Cerner	  applications	  (including	  FirstNet)	  used	  in	  IU	  Health	  hospitals.	  	  The	  patient	  and	  environment	  closely	  resembles	  an	  actual	  ED	  room	  complete	  with	  nursing	  support,	  telephone	  support	  for	  consultants,	  pharmacy,	  respiratory	  therapy,	  laboratory,	  social	  work,	  etc.	  	  
	  
Figure	  2	  -­‐	  The	  Simulation	  Lab	  at	  Fairbanks	  Hall	  	  The	  EM	  faculty	  have	  developed	  over	  60	  scenarios	  of	  patient	  encounters	  for	  teaching	  EM	  residents	  (example	  in	  Appendix	  2).	  	  The	  simulations	  were	  used	  as	  written	  for	  this	  study	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with	  the	  charting	  task	  added.	  	  EM	  residents	  are	  required	  to	  document	  training	  progress	  through	  evaluation	  of	  milestones	  that	  include,	  among	  others,	  clinical	  judgment,	  physical	  exam	  skills,	  history	  taking,	  medical	  knowledge,	  interpersonal	  and	  communication	  skills,	  professionalism,	  cognitive	  procedural	  skills,	  technical	  procedural	  skills,	  and	  use	  of	  technology	  to	  deliver	  safe	  patient	  care.	  	  These	  skills	  are	  evaluated	  both	  in	  the	  simulation	  center	  and	  during	  clinical	  shifts	  in	  the	  ED.	  	  To	  facilitate	  this	  project	  as	  well	  as	  milestone	  evaluations,	  residents	  were	  asked	  to	  complete	  either	  a	  paper	  chart	  or	  an	  electronic	  chart	  following	  the	  debriefing	  session.	  	  EM	  faculty	  and	  upper	  level	  resident	  volunteers	  work	  with	  professional	  SimLab	  staff	  to	  conduct	  the	  simulation	  scenarios.	  Nursing	  students	  or	  ED	  nurses	  frequently	  volunteer	  to	  provide	  nursing	  support	  during	  simulation	  scenarios.	  	  Residents	  are	  regularly	  scheduled	  in	  the	  SimLab	  as	  part	  of	  their	  curriculum	  so	  there	  were	  no	  scheduling	  problems	  with	  this	  study.	  	  A	  complete	  simulation	  case	  file	  including	  the	  storyboard	  is	  included	  in	  Appendix	  2.	  	  The	  Indiana	  University	  School	  of	  Medicine	  emergency	  medicine	  residents	  are	  being	  used	  as	  subjects	  as	  they	  routinely	  participate	  in	  simulation	  sessions	  during	  their	  training.	  	  The	  EM	  Residents	  have	  two	  primary	  ED	  training	  sites,	  IU	  Health	  Methodist,	  a	  large	  urban	  tertiary	  care	  teaching	  hospital	  (over	  100,000	  patient	  visits/year)	  and	  Wishard/Eskenazi	  Medical	  Center,	  the	  public	  teaching	  hospital	  (over	  100,000	  patient	  visits/year).	  	  The	  training	  sites	  use	  different	  EHRs,	  Cerner	  at	  IU	  Health	  Methodist,	  and	  a	  homegrown	  system	  (G-­‐3)	  at	  Wishard/Eskenazi.	  	  The	  paper	  charts	  and	  the	  ePD	  (Cerner	  FirstNet)	  from	  IU	  Health	  Methodist	  were	  used	  in	  the	  simulation	  center	  for	  this	  project.	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System	  Details	  and	  System	  in	  Use	  As	  mentioned	  above,	  the	  paper	  charts	  used	  in	  this	  study	  are	  from	  IU	  Health	  Methodist	  ED.	  	  They	  were	  presented	  and	  used	  exactly	  as	  they	  were	  used	  in	  the	  clinical	  setting	  including	  order	  sheets.	  	  The	  electronic	  clinical	  documentation	  was	  done	  in	  the	  Cerner	  FirstNet	  training	  environment.	  	  The	  FirstNet	  ED	  physician	  documentation	  module	  was	  deployed	  at	  IU	  Health	  Methodist	  in	  May	  2013.	  	  All	  ED	  faculty	  physicians	  and	  residents	  use	  it	  for	  ED	  visit	  documentation.	  	  IU	  Health	  Methodist	  trained	  all	  users	  prior	  to	  implementation	  for	  an	  average	  of	  4	  hours.	  	  The	  FirstNet	  training	  environment	  is	  no	  different	  than	  the	  production	  environment	  except	  that	  individual	  user	  macros	  are	  not	  available	  and	  the	  system	  is	  cleared	  each	  day	  so	  there	  is	  little	  historical	  information	  about	  the	  patient	  included	  in	  the	  records	  available	  to	  the	  trainees.	  The	  documentation	  is	  done	  in	  a	  blank	  generic	  note	  with	  no	  diagnosis	  specific	  templates.	  	  Initial	  data	  included	  in	  the	  chart	  when	  opened	  is	  patient	  name,	  DOB,	  MRN,	  allergies,	  primary	  physician,	  and	  sometimes	  height	  and	  weight.	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METHODS	  
Study	  Design	  This	  study	  is	  a	  quasi-­‐experimental	  comparison	  study	  to	  determine	  whether	  there	  is	  a	  difference	  in	  document	  quality,	  error	  rate,	  error	  type,	  cognitive	  load	  and	  time	  when	  EM	  residents	  use	  paper	  charts	  or	  electronic	  physician	  documentation.	  	  The	  use	  of	  resident	  trainees	  produces	  a	  homogeneous	  group	  with	  less	  potential	  for	  bias	  or	  confounding	  due	  to	  variability	  in	  experience,	  age,	  or	  computer	  skills.	  	  This	  study	  uses	  simulated	  patient	  encounters	  as	  a	  unique	  and	  innovative	  method	  to	  evaluate	  EM	  physician	  documentation	  of	  the	  care	  provided	  based	  on	  real-­‐time	  observation	  of	  the	  encounter.	  	  Attempting	  to	  evaluate	  patient	  encounters	  and	  documentation	  in	  clinical	  practice	  is	  difficult	  due	  to	  the	  nature	  of	  patient	  flow	  in	  the	  ED,	  including	  interruptions	  and	  patient	  privacy	  concerns.	  	  The	  simulation	  lab	  is	  a	  realistic	  controlled	  environment	  in	  which	  studies	  such	  as	  this	  can	  be	  done	  with	  no	  disruption	  of	  patient	  care	  or	  adverse	  impact	  on	  patient	  safety.	  	  In	  addition	  to	  measurement	  of	  cognitive	  load,	  the	  documentation	  quality	  can	  be	  assessed	  by	  videotaped	  review	  of	  the	  simulation	  encounter.	  	  The	  simulated	  environment	  allows	  researchers	  to	  control	  events	  based	  on	  provider	  actions	  and	  evaluate	  the	  complete	  patient	  care	  encounter.	  All	  EM	  residents	  participate	  in	  simulation	  scenarios	  as	  a	  part	  of	  their	  training	  and	  thus	  all	  have	  an	  equal	  opportunity	  to	  participate	  in	  the	  study	  eliminating	  selection	  bias.	  	  Each	  arm	  of	  the	  study	  was	  conducted	  over	  the	  course	  of	  the	  training	  year	  from	  June	  to	  May	  so	  both	  groups	  are	  equal	  in	  level	  of	  experience	  through	  out	  the	  study.	  	  Simulation	  scenarios	  are	  training	  year	  specific	  and	  usually	  completed	  in	  the	  same	  order	  each	  year.	  	  
Theoretical	  background	  of	  the	  study	  	  This	  comparative	  study	  was	  designed	  to	  test	  whether	  there	  is	  a	  difference	  in	  document	  quality,	  cognitive	  load,	  error	  rate,	  and	  time	  requirements	  between	  paper	  charts	  and	  ePD.	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The	  SEIPS	  model	  developed	  by	  Carayon	  is	  used	  as	  the	  foundation	  for	  this	  study(80)	  (80).	  	  The	  SEIPS	  model	  is	  used	  to	  understand	  error	  and	  patient	  safety	  in	  healthcare	  environments	  by	  including	  environment,	  individual,	  technology,	  organization,	  and	  tasks	  in	  the	  problem	  analysis	  (figure	  3).	  	  	  	  Substituting	  the	  simulation	  lab	  for	  the	  ED	  environment	  simplifies	  the	  model	  by	  removing	  the	  uncertainty	  of	  provider-­‐patient	  ratios	  and	  interruptions.	  	  The	  organization	  (IUSM	  and	  IU	  Health),	  the	  technology	  (Cerner	  FirstNet),	  the	  task	  (physician	  documentation),	  and	  the	  individual	  (EM	  residents)	  remain	  the	  same	  as	  seen	  in	  situ	  in	  the	  ED.	  	  Using	  this	  model	  allows	  us	  to	  focus	  on	  documentation	  error	  rates	  when	  comparing	  paper	  documents	  to	  electronic	  documents	  in	  the	  context	  of	  the	  work	  system.	  	  The	  NASA	  TLX	  (Appendix	  2)	  was	  selected	  for	  measurement	  of	  cognitive	  load,	  as	  it	  is	  the	  “gold	  standard”	  for	  perceived	  cognitive	  load	  validated	  across	  many	  industries	  including	  health	  care(66)	  (66)	  and	  has	  been	  used	  in	  health	  informatics	  studies	  to	  compare	  interfaces,	  system	  design	  and	  introduction	  (41,	  81).	  	  	  The	  NASA-­‐TLX	  uses	  6	  domain	  scores	  that	  are	  weighted	  based	  on	  perceived	  importance	  of	  the	  domain	  to	  the	  task.	  	  Individual	  domain	  scores	  in	  mental	  demand,	  physical	  demand,	  temporal	  demand,	  performance,	  effort,	  and	  frustration	  level	  are	  calculated	  as	  well	  as	  an	  overall	  total	  score.	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Figure	  3	  -­‐	  Annotated	  SEIPS	  Model	  for	  Documentation	  Study	  	  	  	  
	  
Figure	  4	  -­‐	  Study	  Outcomes	  and	  Consequences	  in	  the	  SEIPS	  Work	  Model	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Participants	  IUSM	  EM	  residents	  participating	  in	  scheduled	  exercises	  in	  the	  SimLab	  from	  July	  2012	  –	  June	  2014	  were	  eligible	  for	  entry	  into	  the	  study.	  	  During	  the	  study	  period,	  there	  were	  124	  EM	  or	  EM/Peds	  residents	  that	  were	  eligible	  for	  participation.	  	  Each	  EM	  resident	  visits	  the	  SimLab	  six	  times	  per	  year	  for	  a	  total	  of	  60	  different	  simulations	  over	  the	  course	  of	  their	  training	  program.	  	  Each	  simulation	  session	  consists	  of	  three	  cases	  in	  which	  one	  or	  two	  residents	  actively	  participate	  while	  the	  others	  watch	  and	  evaluate	  the	  scenario	  from	  the	  debriefing	  room.	  	  The	  active	  (primary)	  participant	  writes	  the	  chart	  following	  the	  simulation	  scenario.	  	  Consent	  was	  obtained	  during	  the	  first	  simulation	  session	  of	  the	  year	  prior	  to	  participation,	  but	  subjects	  were	  blinded	  to	  the	  outcome	  measures	  and	  to	  the	  interventions	  being	  studied.	  All	  studies	  were	  done	  in	  the	  course	  of	  curriculum-­‐scheduled	  visits	  to	  the	  SimLab.	  	  	  	  EM	  PGY-­‐1	  residents	  attend	  IU	  Health	  Cerner	  training	  before	  starting	  clinical	  shifts	  in	  June	  2013.	  	  Upper	  level	  residents	  attended	  IU	  Health	  Cerner	  training	  prior	  to	  the	  implementation	  of	  clinical	  documentation	  and	  CPOE	  in	  spring	  of	  2012.	  	  	  
	  
Sample	  Size	  Considerations	  	  Sample	  size	  was	  calculated	  based	  on	  the	  40%	  error	  rate	  reported	  by	  Bergrath	  (69)	  and	  an	  anticipated	  difference	  score	  of	  5	  in	  chart	  quality.	  	  A	  minimum	  of	  18	  subjects	  per	  group	  is	  required	  to	  detect	  a	  difference	  of	  5	  in	  document	  quality	  score	  with	  80%	  power	  and	  95%	  confidence	  (82).	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Study	  Flow	  	  The	  protocol	  for	  this	  study	  was	  developed	  in	  the	  fall	  of	  2011.	  	  The	  IRB	  submission,	  made	  in	  January	  2012,	  was	  approved	  in	  March	  of	  2012.	  	  The	  first	  group,	  2012-­‐2013	  resident	  class,	  was	  consented	  and	  data	  collection	  begun	  in	  June	  2012.	  	  The	  first	  group	  charted	  using	  paper	  charts	  through	  May	  2013.	  	  The	  second	  group,	  2013-­‐2014	  resident	  class,	  was	  consented	  and	  data	  collection	  begun	  in	  June	  2013.	  	  Data	  collection	  was	  completed	  in	  May	  2014.	  	  CPOE	  started	  at	  the	  IU	  Health	  Methodist	  training	  site	  in	  November	  2012	  and	  ePD	  started	  in	  May	  2013	  in	  the	  ED.	  	  	  	   Mar	  2012	   Study	  approval	  obtained	  from	  Indiana	  University	  Institutional	  Review	  Board	  Jun	  2012	   Consent	  subjects	  for	  the	  first	  year	  of	  studies	  Jun	  2012	   Data	  collection	  begins	  for	  paper	  charts	  Nov	  2012	   CPOE	  implemented	  at	  IU	  Health	  Methodist	  (resident	  training	  for	  Cerner	  FirstNet)	  May	  2013	   Electronic	  physician	  documentation	  (ePD)	  implemented	  at	  IU	  Health	  Methodist	  	  May	  2013	   Data	  collection	  ends	  for	  paper	  charts	  Jun	  2013	   PGY-­‐1	  residents	  attend	  Cerner	  training	  and	  begin	  clinical	  shifts	  in	  the	  ED	  Jun	  2013	   Consent	  subjects	  for	  second	  year	  of	  studies	  Jun	  2013	   Data	  collection	  begins	  for	  electronic	  documentation	  Jun	  2013	   PGY-­‐1	  class	  uses	  paper	  charts	  for	  first	  simulation	  session	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Jul	  2013	   All	  documentation	  in	  Cerner	  FirstNet	  May	  2014	   Data	  collection	  ends	  
Table	  1	  -­‐	  Study	  Timeline	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Outcome	  Measures	  The	  primary	  outcomes	  tested	  are:	  1. Compare	  documentation	  quality	  score	  for	  paper	  and	  ePD;	  2. Compare	  perceived	  cognitive	  load	  for	  use	  of	  paper	  and	  ePD;	  3. Compare	  error	  type	  and	  frequency	  for	  paper	  and	  ePD;	  4. Compare	  time	  necessary	  to	  complete	  documentation	  for	  paper	  and	  ePD.	  5. Observe	  changes	  in	  workflow	  between	  paper	  and	  ePD.	  	  The	  secondary	  outcomes	  tested	  are:	  1. Compare	  efficiency,	  accuracy,	  and	  delta	  scores	  for	  paper	  and	  ePD;	  2. Evaluate	  training	  level	  differences	  in	  primary	  outcomes;	  3. Compare	  error	  domains	  for	  paper	  and	  ePD.	  	  
Methods	  for	  Data	  Acquisition	  and	  Measurement	  Study	  subjects	  participate	  in	  videotaped	  simulation	  scenarios	  in	  the	  SimLab	  as	  part	  of	  their	  EM	  residency	  curriculum.	  	  The	  simulation	  scenarios	  were	  developed	  locally	  by	  EM	  faculty	  and	  were	  unchanged	  for	  this	  study.	  	  To	  improve	  the	  realism	  in	  the	  simulation	  lab,	  the	  EM	  residents	  began	  documenting	  the	  simulated	  patient	  encounters	  on	  paper	  charts	  in	  2012-­‐2013	  and	  using	  ePD	  for	  2012-­‐2013.	  	  The	  charting	  task	  was	  completed	  immediately	  during	  or	  following	  the	  simulation	  encounter	  debriefing	  session.	  	  Study	  participants	  document	  simulated	  encounters	  using	  the	  paper	  ED	  chart	  in	  use	  at	  IU	  Health	  Methodist	  Hospital	  or	  in	  Cerner	  FirstNet,	  the	  EHR	  in	  use	  at	  IU	  Health	  Methodist	  Hospital.	  	  The	  2012-­‐2013	  residents	  used	  the	  ED	  paper	  charts	  and	  the	  2013-­‐2014	  residents	  used	  ePD.	  	  The	  IU	  Health	  training	  site	  implemented	  CPOE	  (Fall	  2012)	  and	  electronic	  clinical	  documentation	  (Spring	  2013)	  for	  all	  physician	  documentation	  in	  the	  2012-­‐2013	  training	  year.	  	  Study	  subjects	  consented	  to	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participating	  in	  the	  study	  as	  well	  as	  being	  videotaped	  during	  their	  simulation	  scenarios	  but	  were	  blinded	  to	  the	  outcome	  measures	  for	  the	  study.	  	  Immediately	  following	  the	  charting	  task,	  subjects	  completed	  the	  NASA	  TLX	  (online	  version)	  to	  evaluate	  perceived	  cognitive	  load	  with	  regards	  to	  the	  charting	  task	  and	  ignoring	  the	  difficulty	  of	  the	  simulation	  scenario.	  	  The	  NASA	  TLX	  was	  completed	  on	  iPads	  during	  the	  first	  year	  of	  the	  study	  and	  on	  the	  COW	  the	  second	  year.	  	  Results	  were	  collected	  and	  stored	  in	  the	  RedCap	  (83)	  database.	  	  
A	  priori	  ‘gold	  standard’	  documentation	  elements	  were	  identified	  from	  the	  simulation	  scenario	  standards	  by	  expert	  EM	  physicians	  with	  a	  combined	  45+	  years	  of	  experience	  in	  EM	  and	  resident	  education	  for	  each	  of	  the	  simulation	  scenarios.	  	  The	  gold	  standard	  document	  score	  (GoldTotal)	  was	  based	  on	  the	  number	  of	  elements	  required	  to	  effectively	  communicate	  the	  story	  of	  the	  patient	  encounter	  for	  communication	  and	  medico-­‐legal	  purposes	  (example	  in	  Appendix	  5).	  	  Billing	  requirements	  were	  deliberately	  ignored	  for	  this	  study.	  	  The	  total	  number	  of	  required	  elements	  in	  each	  of	  five	  domains,	  history,	  physical	  exam,	  procedures,	  medications	  and	  medical	  decision	  making	  were	  tallied,	  totaled,	  and	  used	  as	  the	  gold	  standard	  score	  for	  each	  scenario.	  	  As	  a	  result,	  each	  scenario	  has	  a	  unique	  score	  based	  on	  the	  complexity	  and	  length	  of	  the	  simulation	  case.	  	  Required	  documentation	  for	  an	  ED	  patient	  encounter	  varies	  with	  the	  presenting	  complaint	  and	  the	  complexity	  of	  the	  patient.	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Table	  2	  -­‐	  Chart	  domains	  	  The	  charting	  domains	  were	  established	  a	  priori	  to	  reflect	  usual	  documentation	  practices	  for	  paper	  charts.	  	  Not	  all	  of	  the	  elements	  are	  required	  for	  each	  simulation	  scenario.	  	  	  The	  paper	  or	  ePD	  chart	  was	  evaluated	  for	  the	  number	  of	  elements	  present	  in	  each	  domain,	  totaled,	  and	  used	  as	  the	  ChartTotal	  score.	  	  The	  gold	  standard	  required	  elements	  were	  identified	  from	  the	  total	  number	  of	  elements	  present	  in	  each	  domain	  and	  totaled	  for	  the	  ReqTotal	  score.	  	  This	  process	  produced	  two	  sets	  of	  numbers	  for	  each	  chart	  called	  ChartTotal	  and	  ReqTotal	  that	  were	  used	  in	  calculating	  the	  difference	  score,	  reliability,	  efficiency,	  accuracy,	  and	  delta	  scores.	  The	  simulation	  videos	  were	  transcribed	  while	  viewing	  by	  writing	  a	  list	  of	  the	  actions	  taken	  or	  verbalized	  during	  each	  of	  the	  simulation	  scenarios.	  	  Each	  action	  charted	  on	  the	  paper	  or	  ePD	  chart	  was	  verified	  against	  the	  written	  list	  and	  errors	  identified.	  	  	  	  The	  errors	  were	  put	  into	  domains	  and	  classified	  into	  one	  of	  the	  three	  error	  categories	  (omissions,	  falsifications	  or	  mistakes).	  	  Correctly	  documented	  elements	  were	  either	  actions	  completed	  or	  verbalized	  as	  completed	  during	  the	  scenario.	  	  Vital	  signs	  could	  be	  documented	  by	  checking	  a	  box	  or	  typing	  “vital	  signs	  per	  nurses’	  notes”	  or	  actually	  written	  into	  the	  chart.	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If	  vital	  signs	  were	  written,	  correct	  documentation	  was	  considered	  to	  be	  SBP	  ±10	  mmHg,	  HR	  
±10	  beats/min,	  RR	  ±4	  breaths/min,	  SpO2	  ±2%,	  and	  BS	  ±10mg/dL.	  	  Medications	  were	  considered	  correct	  if	  either	  total	  dose	  or	  exact	  individual	  doses	  were	  recorded.	  	  IV	  fluids	  must	  include	  type	  and	  total	  amount	  ±10%.	  	  Procedures,	  medical	  history,	  follow-­‐up	  plan,	  and	  physical	  exam	  must	  all	  be	  exact	  to	  be	  considered	  proper	  documentation.	  	  Incorrect	  documentation	  of	  required	  elements	  (documentation	  errors)	  will	  be	  noted	  in	  three	  categories:	  	  	   1) Omission	  –	  required	  element	  completed	  but	  not	  documented;	  	  a. 	  Rectal	  exam	  done	  by	  not	  documented	  or	  IV	  fluids	  given	  but	  not	  documented	  2) Mistake	  -­‐	  element	  completed	  but	  mistake	  in	  documentation;	  	  a. Breath	  sounds	  equal	  but	  documented	  as	  decreased	  on	  the	  left	  3) Falsification	  -­‐	  element	  not	  completed	  but	  documented	  as	  done;	  a. Pupils	  equal	  and	  reactive	  is	  documented	  but	  eye	  exam	  not	  completed	  	  Documentation	  errors	  were	  separated	  into	  those	  made	  for	  required	  elements	  and	  those	  made	  chart	  elements	  present	  but	  not	  required.	  	  This	  project	  was	  not	  designed	  to	  evaluate	  correctness	  of	  action	  during	  the	  simulation	  scenario,	  so	  an	  incorrect	  action	  documented	  correctly	  is	  not	  considered	  an	  error	  for	  the	  purposes	  of	  this	  project.	  	  Incorrect	  actions	  documented	  incorrectly	  are	  considered	  an	  error	  in	  one	  of	  the	  categories	  above.	  	  
	  Performance	  was	  measured	  by	  evaluating	  time	  required	  to	  complete	  the	  charting	  task.	  	  Charting	  time	  for	  paper	  charts	  was	  measured	  by	  timing	  exactly	  the	  amount	  of	  time	  that	  the	  participant	  spent	  charting	  including	  charting	  that	  occurred	  in	  the	  room	  during	  the	  simulation	  scenario.	  	  Charting	  time	  for	  ePD	  was	  recorded	  by	  the	  participants	  as	  start	  and	  
	  27	  
stop	  time	  for	  the	  charting	  task.	  	  They	  were	  asked	  to	  record	  start	  time	  when	  they	  started	  logging	  in	  to	  Cerner	  FirstNet	  and	  to	  record	  stop	  time	  when	  they	  submitted	  the	  final	  version	  of	  the	  ePD.	  	  Researchers	  randomly	  observed	  the	  recording	  of	  times	  to	  verify	  accuracy.	  	  	  
	  Workflow	  was	  measured	  by	  observing	  and	  recording	  when	  the	  resident	  interacted	  with	  the	  chart	  (paper	  or	  ePD)	  during	  the	  simulation	  session.	  	  	  	  
Methods	  for	  Data	  Analysis	  Participants	  and	  gold	  standard	  scores	  were	  compared	  by	  group	  to	  ensure	  homogeneity	  for	  both	  participants	  and	  scenario	  complexity.	  	  Participants	  were	  compared	  using	  their	  American	  Board	  of	  Emergency	  Medicine	  (ABEM)	  in-­‐service	  exam	  scores	  on	  exams	  taken	  in	  April	  2013	  and	  April	  2014	  to	  ensure	  there	  was	  no	  difference	  in	  EM	  knowledge	  between	  the	  groups.	  	  The	  means	  of	  Gold	  standard	  scores,	  both	  total	  and	  by	  domain	  were	  also	  compared.	  	  Primary	  data	  collection	  includes	  total	  document	  elements,	  error	  type	  and	  frequency,	  cognitive	  load	  score,	  and	  performance	  measured	  as	  time	  difference	  in	  completing	  the	  charting	  task	  on	  paper	  or	  electronically.	  	  Secondary	  data	  collection	  includes	  error	  domain	  (history,	  physical	  exam,	  procedures,	  medications	  and	  medical	  decision	  making)	  evaluation.	  	  Overall	  document	  quality,	  reliability,	  efficiency,	  delta	  score,	  accuracy,	  error	  type,	  and	  domain	  error	  scores	  were	  calculated	  for	  use	  in	  statistical	  analysis.	  	  The	  study	  sample	  was	  stratified	  by	  training	  level	  (R1,	  R2	  and	  R3)	  to	  examine	  differences	  resulting	  from	  experience.	  	  Exploratory	  analyses	  were	  also	  conducted	  to	  explore	  possible	  relationships	  between	  error	  category	  and	  training	  level.	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Calculations	  
Quality	  Score	  To	  compare	  the	  overall	  quality	  of	  the	  chart,	  a	  quality	  score	  between	  0	  and	  100	  was	  computed	  with	  0	  being	  a	  perfect	  score.	  	  The	  quality	  score	  indicates	  the	  difference	  between	  the	  gold	  standard	  score	  and	  the	  ReqTotal	  score	  for	  each	  of	  the	  charts.	  	  The	  document	  quality	  score	  was	  calculated	  by	  computing	  a	  difference	  score	  using	  the	  formula,	  
GoldTotal-ReqTotal
GoldTotal ×100
,	  where	  ReqTotal	  is	  the	  number	  of	  gold	  standard	  required	  elements	  
identified	  from	  the	  chart.	  	  Difference	  scores	  were	  used	  to	  normalize	  the	  scores	  generated	  when	  comparing	  scenarios	  with	  differing	  numbers	  of	  required	  elements.	  	  
	  
Reliability	  Reliability	  is	  the	  ratio	  of	  the	  required	  elements	  to	  the	  gold	  standard	  total	  elements.	  	  Perfect	  reliability	  (R	  =	  100)	  is	  achieved	  when	  all	  of	  the	  required	  elements	  are	  present	  in	  the	  chart.	  	  Reliability	  was	  calculated	  using	  the	  formula	   ReqTotal
GoldTotal ×100
.	  	  Reliability	  analysis	  is	  included	  
to	  measure	  the	  dependability	  of	  the	  chart	  data	  to	  include	  the	  required	  elements.	  	  This	  is	  also	  used	  as	  a	  measure	  of	  chart	  quality.	  	  
Delta	  Score	  In	  order	  to	  assess	  whether	  there	  is	  a	  difference	  in	  the	  number	  of	  extra	  elements	  that	  were	  documented,	  delta	  scores	  were	  calculated	  by	  subtracting	  the	  required	  element	  total	  from	  the	  chart	  total	  score.	  	  Delta	  scores	  were	  calculated	  for	  domains	  as	  well.	  	  Performance	  (measured	  by	  time	  to	  complete	  charts)	  can	  better	  be	  assessed	  by	  including	  the	  absolute	  number	  of	  extra	  elements	  that	  are	  charted	  in	  addition	  to	  the	  required	  elements	  to	  determine	  if	  any	  extra	  time	  is	  related	  to	  extra	  elements.	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Efficiency	  In	  this	  study,	  efficiency	  is	  a	  measure	  of	  the	  ratio	  of	  required	  elements	  to	  the	  total	  elements	  charted.	  	  Perfect	  efficiency	  (E	  =	  100)	  is	  achieved	  when	  everything	  written	  in	  the	  chart	  is	  a	  required	  element	  and	  there	  are	  no	  extra	  elements.	  	  Efficiency	  was	  calculated	  using	  the	  
formula	   ReqTotal
ChartTotal ×100
.	  	  	  This	  ratio	  is	  included	  in	  the	  analysis	  to	  evaluate	  the	  dataset	  for	  
changes	  in	  charting	  productivity.	  	  
Accuracy	  Accuracy	  is	  a	  measure	  of	  how	  well	  the	  chart	  reflects	  the	  participant’s	  actions	  during	  the	  simulation.	  	  Accuracy	  was	  calculated	  using	  the	  formula,	   ReqTotal + ReqOmission
GoldTotal 
	  .	  	  Perfect	  
accuracy	  (A=100)	  is	  achieved	  when	  all	  of	  the	  required	  elements	  are	  included	  in	  the	  in	  either	  the	  written	  required	  element	  total	  and	  the	  observed	  required	  omissions	  from	  the	  video	  review.	  	  This	  is	  a	  good	  measure	  of	  what	  the	  chart	  quality	  would	  be	  if	  the	  participant	  had	  documented	  the	  omissions.	  
	  
Percent	  Error	  	  The	  percent	  error	  was	  calculated	  for	  overall	  charting	  errors	  by	  taking	  the	  ratio	  of	  total	  errors	  and	  total	  required	  elements.	  	  The	  formula	  for	  calculating	  the	  Percent	  Error	  is	  
1− ReqTotal - ErrorTotalReqTotal ×100
.	  	  This	  ratio	  was	  used	  to	  compare	  charting	  error	  rates	  between	  
the	  groups.	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Statistical	  Analysis	  Statistical	  analysis	  was	  done	  using	  SPSS	  (Version	  21	  for	  Mac).	  	  In	  addition	  to	  descriptive	  statistics,	  independent	  sample	  t-­‐tests	  were	  done	  to	  compare	  paper	  to	  ePD	  including	  error	  analysis.	  	  Two-­‐way	  ANOVA	  was	  done	  to	  explore	  the	  influence	  of	  training	  level	  as	  well	  as	  personal	  characteristics	  such	  as	  in-­‐service	  exam	  scores.	  	  Independent	  sample	  t-­‐tests	  were	  used	  to	  determine	  differences	  between	  charting	  methods	  in	  cognitive	  load.	  	  Linear	  regression	  with	  document	  quality	  as	  the	  dependent	  variable	  and	  cognitive	  load,	  training	  level,	  and	  documentation	  method	  as	  covariates	  to	  assess	  the	  importance	  of	  these	  factors	  on	  the	  quality	  score	  was	  also	  done.	  	  Linear	  regression	  was	  done	  to	  assess	  the	  effect	  of	  total	  elements	  charted	  on	  charting	  time.	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RESULTS	  
Participant	  Selection	  There	  were	  225	  individual	  simulations	  and	  120	  multiple	  simulations	  during	  the	  two-­‐year	  data	  collection	  period.	  	  Of	  the	  total	  individual	  simulations	  performed,	  we	  selected	  128	  individual	  simulations	  because	  they	  possessed	  completed	  charts	  for	  both	  collection	  periods	  and	  had	  video	  available	  for	  review.	  	  The	  R3	  training	  year	  has	  a	  multiple	  patient	  simulation	  session	  that	  accounts	  for	  120	  simulations,	  which	  were	  not	  included	  because	  they	  require	  the	  resident	  to	  chart	  on	  3	  patients	  for	  each	  session.	  	  
	  
Figure	  5	  -­‐	  Participant	  Selection	  	  The	  selected	  simulations	  all	  required	  the	  patient	  to	  be	  admitted	  to	  an	  intensive	  care	  unit	  (ICU)	  and	  contact	  with	  a	  consultant	  from	  another	  service.	  	  The	  multiple	  patient	  simulations	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require	  the	  resident	  to	  care	  for	  three	  patients	  at	  a	  time	  and	  then	  complete	  charts	  at	  the	  end	  of	  the	  debriefing	  session.	  	  The	  120	  multiple	  patient	  simulation	  charts	  were	  eliminated	  because	  they	  are	  substantially	  different	  from	  the	  regular	  simulation	  sessions.	  	  There	  were	  83	  simulations	  that	  did	  not	  have	  available	  video,	  or	  were	  unpaired	  (the	  case	  was	  not	  used	  in	  one	  of	  the	  data	  collection	  periods	  or	  changed	  substantially	  between	  data	  collection	  years).	  	  Paired	  cases	  are	  important	  for	  this	  study	  as	  the	  gold	  standard	  mean	  for	  both	  periods	  should	  be	  the	  same	  so	  charting	  time	  can	  be	  compared.	  	  There	  were	  14	  simulations	  with	  no	  charts	  available	  due	  to	  Cerner	  errors,	  lack	  of	  time,	  or	  loss.	  	  It	  is	  unlikely	  that	  the	  97	  eliminated	  simulations	  are	  materially	  different	  from	  the	  included	  cases	  and	  they	  are	  equally	  distributed	  between	  paper	  and	  ePD.	  	  
Participant	  Analysis	  ABEM	  in-­‐training	  exam	  scores	  were	  used	  to	  compare	  the	  2012-­‐2013	  class	  (paper	  charts)	  to	  the	  2013-­‐2014	  class	  (ePD)	  of	  residents	  (Figure	  6).	  	  Although	  there	  were	  small	  numerical	  differences	  in	  the	  mean	  exam	  scores	  between	  resident	  classes,	  the	  differences	  were	  not	  statistically	  significant	  (p	  =	  0.396).	  	  There	  were	  small,	  but	  expected	  differences	  between	  training	  years	  with	  the	  R1s	  scoring	  significantly	  less	  than	  the	  R2s	  and	  R3s	  (p	  <	  0.001).	  	  There	  was	  no	  significant	  difference	  between	  R2s	  and	  R3s	  (p	  =	  0.579).	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Figure	  6	  -­‐	  ABEM	  In-­‐Training	  Scores	  
	  
Gold	  Standard	  Analysis	  Paper	  charts	  had	  a	  slightly	  lower	  mean	  (M	  =	  36.7,	  SD	  =	  7.8)	  than	  ePD	  charts	  (M	  =	  37.8,	  SD	  =	  8.4)	  however;	  the	  difference	  was	  not	  statistically	  significant	  (p	  =	  0.476).	  	  The	  domain	  level	  gold	  standard	  scores	  were	  also	  not	  significantly	  different	  between	  the	  groups	  (Figure	  7).	  	  
	  
Figure	  7	  -­‐	  Gold	  Standards	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Primary	  End	  Points	  
Document	  Quality	  Document	  quality	  was	  assessed	  using	  difference	  scores	  (Figure	  8)	  and	  calculated	  reliability	  scores	  (Figure	  9).	  	  Overall,	  participants	  using	  ePD	  had	  slightly	  lower	  difference	  scores	  (M=36.6,	  SD	  =	  13.4)	  than	  those	  using	  paper	  charts	  (M	  =	  37.4,	  SD	  =	  14.9).	  	  This	  difference	  was	  not	  significant	  p	  =	  0.745.	  	  The	  individual	  domain	  difference	  scores	  were	  also	  not	  significantly	  different.	  	  On	  average,	  ePD	  histories	  (M	  =	  19.6,	  SD	  =	  18.4)	  were	  lower	  than	  paper	  histories	  (M	  =	  24.5,	  SD	  =17.1).	  	  However,	  paper	  documentation	  of	  procedures	  (M	  =	  37.6,	  SD	  =	  31.4)	  and	  medications	  (M	  =	  24.8,	  SD	  =	  37.5)	  were	  better	  than	  ePD	  procedures	  (M	  =	  40.0,	  SD	  =	  31.8)	  and	  medications	  (M	  =	  30.6,	  SD	  =	  31.3).	  	  Reliability	  scores	  for	  ePD	  (M=63.4,	  SD	  =	  13.4)	  were	  slightly	  higher	  than	  paper	  charts	  (M	  =	  62.6,	  SD	  =	  14.9).	  	  The	  difference	  in	  reliability	  scores	  was	  not	  significant	  (p	  =	  0.745).	  	  
	   	  
Figure	  8	  -­‐	  Difference	  Scores	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Figure	  9	  –	  Reliability	  
	  
Cognitive	  Load	  	  The	  NASA-­‐TLX	  total	  cognitive	  load	  was	  slightly	  lower	  in	  the	  ePD	  group	  (M	  =	  56.9,	  SD	  =	  15.0)	  than	  the	  paper	  chart	  group	  (M	  =	  60.2,	  SD	  =	  10.8)	  (Table	  3).	  	  This	  difference	  was	  not	  significantly	  different	  between	  the	  groups	  (p	  =	  0.94).	  	  The	  domain	  sub-­‐scores	  for	  mental	  demand	  (paper	  M	  =	  43.3,	  SD	  =	  23.5;	  ePD	  M=	  27.3,	  SD	  =	  27.3;	  p	  =	  0.001)	  and	  frustration	  (paper	  M	  =	  27.6,	  SD	  =	  25.1;	  ePD	  M	  =	  35.8,	  SD	  =	  26.8;	  p	  =	  0.043)	  were	  significantly	  different	  between	  the	  populations	  with	  paper	  charts	  more	  mentally	  demanding	  and	  ePD	  more	  frustrating.	  	  NASA-­‐TLX	  scores	  were	  not	  significantly	  different	  between	  training	  levels	  in	  the	  total	  score	  or	  any	  of	  the	  domain	  sub-­‐scores.	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Table	  3	  -­‐	  NASA-­‐TLX	  Scores	  	  Linear	  regression	  with	  chart	  quality	  as	  the	  dependent	  variable	  and	  predictors	  of	  mental	  demand	  and	  frustration	  was	  not	  significant	  and	  thus	  did	  not	  explain	  the	  variability	  in	  the	  scores	  with	  R2	  =	  0.029.	  	  Linear	  regression	  with	  chart	  time	  as	  the	  dependent	  variable	  and	  predictors	  of	  mental	  demand	  and	  frustration	  was	  not	  significant	  and	  did	  not	  explain	  the	  variability	  in	  the	  scores	  with	  R2	  =	  0.151.	  
	  
Errors	  There	  were	  an	  average	  of	  10	  errors	  (paper	  M	  =	  10.4,	  SD	  =	  4.7;	  ePD	  M	  =	  10.4,	  SD	  =	  3.9)	  in	  the	  required	  elements	  per	  chart	  (Figure	  10).	  	  The	  majority	  of	  the	  errors	  were	  omission	  errors	  (paper	  M	  =	  8.6,	  SD	  =	  4.3;	  ePD	  M	  =	  8.5,	  SD	  =	  3.6).	  	  Mistakes	  were	  the	  next	  most	  frequent	  errors	  (paper	  M	  =	  1.0,	  SD	  =	  1.1;	  ePD	  M	  =	  1.2,	  SD	  =	  1.2)	  followed	  by	  falsifications	  (paper	  M	  =	  0.89,	  SD	  =	  1.5;	  ePD	  M	  =	  0.69,	  SD	  =	  1.2).	  	  There	  were	  no	  significant	  differences	  in	  error	  rates	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between	  the	  groups	  in	  any	  category.	  	  On	  average,	  there	  was	  a	  higher	  percent	  error	  on	  paper	  charts	  (M	  =	  46.0,	  SD	  =	  28.6)	  than	  for	  ePD	  (M	  =	  43.2,	  SD	  =	  21.4),	  however	  this	  difference	  was	  not	  significant	  (p	  =	  0.553).	  	  
	  
Figure	  10	  -­‐	  Charting	  Errors	  
	  
Performance	  	  Performance	  was	  measured	  by	  evaluating	  time	  required	  to	  complete	  the	  charting	  task.	  	  In	  the	  first	  phase	  (paper	  charts),	  the	  documentation	  time	  was	  measured	  directly	  from	  the	  video	  of	  the	  encounter	  and	  debrief.	  	  In	  the	  second	  phase,	  the	  resident	  was	  asked	  to	  record	  start	  and	  stop	  times	  for	  the	  charting	  task.	  	  There	  is	  a	  significant	  difference	  (p<0.001)	  in	  documentation	  time	  with	  ePD	  averaging	  9.2	  ±	  2.8	  minutes	  and	  paper	  averaging	  5.0	  ±	  1.5	  minutes	  per	  chart	  with	  a	  large	  effect	  size	  (r=0.67)	  (Figure	  11).	  	  There	  was	  an	  average	  of	  a	  46%	  increase	  in	  charting	  time	  when	  residents	  used	  ePD	  compared	  to	  paper	  charts.	  	  Linear	  regression	  with	  chart	  time	  as	  the	  dependent	  variable	  and	  total	  elements	  as	  the	  predictor	  was	  not	  significant	  with	  R2	  =	  0.029.	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Figure	  11	  -­‐	  Performance	  (charting	  time)	  
	  
Workflow	  	  Charting	  workflow	  was	  observed	  in	  the	  128	  simulation	  videos	  (approximately	  47	  hours)	  that	  were	  reviewed	  for	  this	  project.	  	  Simulated	  patients	  are	  all	  acutely	  ill	  and	  require	  substantial	  attention	  from	  the	  primary	  provider.	  	  The	  majority	  of	  residents	  using	  paper	  charts	  wrote	  notes	  on	  the	  chart	  as	  they	  were	  taking	  a	  patient	  history	  and	  the	  nurses	  asked	  them	  to	  write	  orders	  on	  the	  chart	  as	  they	  were	  given.	  	  The	  residents	  using	  ePD	  did	  not	  write	  notes	  or	  enter	  information	  into	  the	  computer	  even	  though	  the	  patient	  ID	  and	  login	  information	  were	  provided	  at	  the	  beginning	  of	  the	  simulation	  session.	  	  The	  nurses	  did	  not	  ask	  the	  resident	  to	  write	  orders,	  but	  instead	  wrote	  them	  down	  in	  a	  notebook	  at	  the	  bedside	  if	  there	  were	  multiple	  simultaneous	  orders.	  	  Following	  the	  simulation	  session,	  residents	  using	  paper	  charts	  would	  often	  write	  during	  the	  debriefing	  to	  finish	  the	  charting	  task.	  	  	  Residents	  using	  ePD	  completed	  the	  entire	  charting	  task	  after	  the	  debriefing	  session	  during	  the	  next	  simulation.	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Figure	  12	  -­‐	  Error	  Domain	  Analysis	  	  The	  charting	  errors	  were	  coded	  into	  category	  (omission,	  falsification,	  and	  mistake)	  and	  into	  domains	  (history,	  physical	  exam,	  procedures,	  medications,	  and	  medical	  decision	  making)	  within	  the	  categories	  (Table	  4).	  	  The	  categorical	  analysis	  appears	  above	  (Figure	  10)	  in	  the	  primary	  endpoint	  analysis.	  	  There	  were	  significant	  differences	  found	  for	  falsification	  in	  procedures	  (p	  =	  0.018)	  and	  mistakes	  in	  procedures	  (p	  =	  0.044).	  	  There	  is	  a	  non-­‐significant	  increase	  in	  falsification	  for	  physical	  exam	  for	  paper	  charts	  (M	  =	  2.26,	  SD	  =	  1.8)	  when	  compared	  to	  ePD	  (M=1.94,	  SD	  2.26).	  	  The	  majority	  of	  mistakes	  occurred	  in	  the	  history	  and	  physical	  exam,	  but	  those	  were	  less	  than	  one	  per	  chart.	  	  There	  were	  no	  significant	  differences	  in	  omissions	  for	  any	  domain.	  	  The	  majority	  of	  omissions	  occurred	  in	  history	  and	  physical	  exam	  for	  both	  chart	  types.	  	  Paper	  charts	  had	  higher	  omissions	  in	  history	  and	  physical	  exam	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and	  ePD	  had	  higher	  omission	  errors	  in	  procedures,	  medications	  and	  medical	  decision-­‐making	  (Figure	  12).	  	  	  	  
	  
Table	  4	  -­‐	  Error	  Results	  	  
Impact	  of	  Training	  Level	  Two-­‐way	  ANOVA	  was	  used	  with	  main	  effects	  of	  training	  year	  and	  chart	  type	  for	  all	  analyses.	  The	  main	  effects	  were	  not	  significant	  for	  quality	  score	  (p	  =	  0.696),	  reliability	  (p	  =	  0.696),	  error	  total	  (p	  =	  0.422),	  or	  mistakes	  (p	  =	  0.229).	  	  	  	  Main	  effects	  were	  significant	  for	  efficiency	  (p	  =	  0.037).	  	  There	  is	  a	  non-­‐significant	  main	  effect	  of	  chart	  type	  (0.696)	  and	  a	  significant	  main	  effect	  of	  training	  year	  on	  efficiency	  (p	  <	  0.001).	  	  Bonferroni	  post	  hoc	  test	  revealed	  that	  the	  efficiency	  was	  significantly	  lower	  for	  R1s	  compared	  to	  R3s	  (p	  =	  0.031).	  	  Efficiency	  was	  no	  different	  for	  R2	  compared	  to	  R3	  or	  for	  R1	  compared	  to	  R2.	  	  There	  was	  a	  non-­‐significant	  interaction	  effect	  between	  training	  year	  and	  chart	  type	  (p	  =	  0.447).	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  Main	  effects	  were	  significant	  for	  accuracy	  (p	  <	  0.001).	  	  There	  is	  a	  non-­‐significant	  main	  effect	  of	  chart	  type	  (p	  =	  0.676)	  and	  a	  significant	  main	  effect	  of	  training	  year	  on	  accuracy	  (p	  <	  0.001).	  	  Bonferroni	  post	  hoc	  test	  revealed	  that	  the	  accuracy	  of	  R1s	  is	  significantly	  better	  than	  R2s	  (P	  <	  0.001)	  and	  the	  accuracy	  of	  R3s	  is	  significantly	  better	  than	  R2s	  (p	  <	  0.001).	  	  There	  is	  no	  difference	  between	  R1s	  and	  R3s.	  	  Falsifications	  were	  significantly	  influenced	  by	  the	  main	  effects	  (p	  =	  0.017).	  	  There	  is	  a	  non-­‐significant	  main	  effect	  of	  chart	  type	  (p	  =	  0.478).	  	  There	  is	  a	  significant	  main	  effect	  of	  training	  year	  (p	  =	  0.004)	  and	  the	  Bonferroni	  post	  hoc	  test	  revealed	  that	  R1s	  have	  fewer	  falsifications	  than	  R2s	  (p	  =	  0.021),	  R3s	  have	  fewer	  falsifications	  than	  R2s	  (p	  =	  0.004),	  and	  no	  significant	  differences	  between	  R1s	  and	  R3s.	  	  The	  interaction	  of	  training	  level	  and	  chart	  type	  is	  non-­‐significant	  for	  falsification.	  	  The	  main	  effects	  were	  significant	  for	  omission	  errors	  (p	  =	  0.024).	  	  There	  is	  a	  non-­‐significant	  main	  effect	  of	  chart	  type	  on	  omission	  errors	  (p	  =	  0.874),	  a	  significant	  main	  effect	  of	  training	  year	  (p	  =	  0.004),	  and	  a	  non-­‐significant	  interaction	  effect	  (p	  =	  0.411).	  	  Bonferroni	  post	  hoc	  tests	  reveal	  R2s	  have	  fewer	  omission	  errors	  than	  R3s	  and	  there	  is	  no	  difference	  between	  R1s	  and	  R3s	  or	  between	  R1s	  and	  R2s.	  
	  
Secondary	  Quality	  Indicators	  -­‐	  Efficiency,	  Accuracy,	  and	  Delta	  Scores	  There	  were	  no	  significant	  differences	  between	  chart	  types	  for	  efficiency	  and	  accuracy	  (Table	  5).	  	  Delta	  score	  was	  significantly	  different	  (p	  =	  0.02)	  with	  ePD	  having	  more	  non-­‐essential	  chart	  elements	  (M	  =	  19.6,	  SD	  =	  10.2)	  than	  paper	  (M	  =	  15.6,	  SD	  =	  9.0)	  (Figure	  13).	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   Paper	  (SD)	   ePD	  (SD)	   Significance	  Delta	  Score	   15.62	  (8.98)	   19.62	  (10.22)	   p	  =	  0.02	  Efficiency	   64.91	  (14.71)	   59.76	  (16.67)	   p	  =	  0.067	  Accuracy	   90.64	  (9.61)	   90.18	  (10.82)	   p	  =	  0.81	  
	  	  	  	  
Table	  5	  -­‐	  Secondary	  Quality	  Measure	  Scores	  	  
	  
Figure	  13	  -­‐	  Domain	  Delta	  Scores	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DISCUSSION	  This	  is	  the	  first	  study	  to	  examine	  the	  differences	  in	  chart	  quality	  and	  cognitive	  load	  between	  paper	  charts	  and	  ePD	  without	  considering	  the	  required	  billing	  components	  in	  the	  ED.	  	  The	  charts	  were	  written	  following	  simulation	  scenarios	  by	  R1-­‐	  R3	  EM	  residents.	  	  The	  scenarios	  were	  paired	  for	  paper	  and	  ePD	  but	  were	  different	  for	  each	  simulation	  session,	  so	  difference	  scores	  between	  the	  gold	  standard	  and	  the	  required	  elements	  present	  were	  used	  to	  compare	  simulation	  scenarios	  for	  chart	  quality.	  	  The	  results	  of	  this	  study	  can	  be	  used	  to	  guide	  EM	  resident	  documentation	  training	  and	  ePD	  implementation.	  	  This	  study	  was	  an	  evaluation	  of	  66	  paper	  and	  62	  ePD	  charts	  written	  by	  EM	  residents	  following	  simulated	  patient	  encounters.	  	  The	  2012-­‐2013	  resident	  group	  used	  paper	  documentation	  and	  the	  2013-­‐2014	  resident	  group	  used	  ePD.	  	  The	  participant	  groups	  scored	  the	  same	  on	  the	  ABEM	  in-­‐training	  exam	  and	  there	  was	  no	  difference	  in	  the	  gold	  standard	  total	  and	  domain	  scores	  between	  groups.	  	  The	  groups	  were	  homogeneous	  by	  both	  participant	  and	  by	  required	  elements	  for	  the	  charting	  tasks.	  	  	  
SEIPS	  Model	  The	  SEIPS	  model	  allows	  evaluation	  of	  the	  total	  work	  system	  including	  person,	  organization,	  technology,	  tasks	  and	  environment	  when	  evaluating	  processes	  and	  outcomes.	  	  In	  this	  study,	  chart	  quality,	  error	  rate,	  and	  cognitive	  load	  are	  used	  as	  surrogates	  for	  patient	  safety	  outcomes.	  	  Performance	  was	  used	  as	  a	  surrogate	  for	  the	  process	  of	  ED	  patient	  management	  by	  the	  EM	  residents.	  	  The	  change	  from	  paper	  charts	  to	  ePD	  was	  the	  only	  change	  in	  the	  work	  system	  and	  thus	  it	  can	  be	  assumed	  to	  be	  the	  cause	  of	  changes	  in	  processes	  and	  outcomes.	  	  The	  results	  in	  context	  of	  the	  SEIPS	  model	  indicate	  that	  the	  change	  from	  paper	  charts	  to	  ePD	  increases	  the	  process	  time	  of	  charting	  by	  47%	  without	  impacting	  the	  chart	  quality,	  error	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rate	  or	  total	  cognitive	  load	  (Table	  6).	  	  Isolated,	  this	  finding	  indicates	  that	  patient	  safety	  is	  not	  affected	  by	  the	  change	  in	  charting	  modalities.	  	  However,	  increasing	  process	  time	  may	  severely	  impact	  patient	  safety	  in	  the	  context	  of	  the	  ED	  environment	  by	  delaying	  care	  to	  new	  patients.	  	  	  	  
 Components Elements Study Outcomes 
Work 
system 
Person EM residents 
 
Organization Healthcare Corporation 
Technologies & Tools Paper vs. ePD 
Tasks Clinical Documentation 
Environment Simulated ED 
Process Care & Other processes ED patient management Information flow 
46% increase in time 
required to chart.  
 
Potential for fewer 
patients seen by each 
physician 
Outcomes 
Employee & Organizational 
Job satisfaction 
 
Profitability 
Greater frustration 
levels 
 
Fewer patients seen by 
providers due to 
increased charting time 
= less profitability 
Patient Patient safety Quality of Care 
No change in 
document quality or 
error rates 
 
Potential for decrease 
in quality of care due 
to increased charting 
time 
Table	  6	  –	  Analysis	  of	  outcomes	  by	  conceptual	  model	  (SEIPS)	  
	  
Chart	  Quality	  One	  of	  the	  expected	  results	  of	  the	  HITECH	  act	  was	  improved	  chart	  quality.	  	  Several	  studies	  have	  shown	  improvement	  in	  billing	  quality,	  but	  none	  have	  specifically	  evaluated	  quality	  with	  respect	  to	  communicating	  the	  course	  of	  patient	  care.	  	  The	  results	  of	  this	  study	  do	  not	  support	  improved	  documentation	  quality.	  	  The	  overall	  quality	  scores	  for	  ePD	  were	  slightly	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better	  than	  paper	  charts,	  but	  the	  score	  differences	  were	  not	  significantly	  different.	  	  The	  average	  reliability	  score	  was	  63%	  for	  both	  paper	  and	  ePD.	  	  Reliability	  is	  the	  ratio	  of	  required	  elements	  to	  gold	  standard	  elements.	  	  	  	  The	  percent	  difference	  score	  between	  the	  gold	  standard	  and	  the	  required	  elements	  present	  in	  the	  chart	  had	  an	  average	  of	  37%.	  	  The	  difference	  score	  indicates	  that	  there	  are	  a	  significant	  number	  of	  required	  elements	  missing	  from	  both	  paper	  and	  ePD	  charts.	  	  The	  domains	  of	  history	  and	  physical	  exam	  have	  the	  greatest	  number	  of	  missing	  elements	  (3	  and	  6	  respectively).	  	  	  The	  domains	  of	  procedures,	  medications	  and	  medical	  decision-­‐making	  averaged	  one	  missing	  element	  per	  chart.	  	  The	  majority	  of	  missing	  physical	  exam	  elements	  in	  this	  study	  were	  vital	  signs	  and	  repeated	  exam	  elements.	  	  Failure	  to	  document	  all	  of	  the	  required	  elements	  of	  the	  physical	  exam	  including	  changes	  over	  the	  course	  of	  the	  patient	  visit	  can	  adversely	  effect	  communication	  of	  the	  course	  of	  the	  patient’s	  disease.	  	  There	  was	  no	  difference	  in	  chart	  quality	  between	  training	  years	  indicating	  that	  there	  is	  no	  improvement	  in	  documentation	  quality	  over	  the	  course	  of	  the	  EM	  residency	  training	  period.	  	  	  Accuracy	  scores	  averaged	  90%	  for	  both	  paper	  and	  ePD	  charts.	  	  When	  the	  omitted	  elements	  (completed	  tasks	  not	  recorded)	  were	  added	  to	  the	  ReqTotal,	  we	  were	  able	  to	  gain	  a	  sense	  of	  what	  the	  reliability	  of	  the	  chart	  would	  be	  if	  all	  tasks	  were	  charted.	  	  	  Video	  review	  of	  the	  simulation	  scenarios	  reveals	  that	  residents	  perform	  the	  appropriate	  required	  actions,	  but	  fail	  to	  document	  them	  in	  the	  patient	  chart.	  After	  accounting	  for	  omissions,	  there	  remains	  an	  average	  of	  3	  missing	  elements	  in	  physical	  exam.	  	  The	  gold	  standard	  required	  elements	  were	  determined	  to	  be	  essential	  to	  communicating	  the	  care	  of	  the	  patient	  in	  the	  ED.	  	  There	  are	  still	  a	  number	  of	  important	  missing	  elements	  in	  the	  chart	  even	  after	  accounting	  for	  omissions.	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  The	  results	  of	  this	  study	  imply	  two	  specific	  changes	  to	  current	  practice	  in	  order	  to	  improve	  documentation.	  	  First,	  improvements	  in	  documentation	  training	  are	  necessary	  regardless	  of	  ePD.	  	  	  Second,	  the	  EHR	  could	  be	  enhanced	  to	  support	  better	  documentation	  of	  omitted	  elements.	  	  Automated	  vital	  sign	  capture	  from	  bedside	  monitors	  integrated	  into	  ePD	  systems	  could	  eliminate	  the	  majority	  of	  missing	  elements	  in	  the	  physical	  exam	  domain	  and	  would	  provide	  a	  forcing	  strategy	  to	  the	  physician	  to	  address	  changes	  in	  vital	  signs	  and	  thus	  record	  the	  repeated	  exam	  findings.	  	  The	  majority	  of	  medical	  students	  and	  residents	  have	  no	  formal	  training	  in	  clinical	  documentation	  and	  it	  is	  clear	  from	  this	  study	  that	  it	  is	  imperative	  to	  include	  formal	  training	  during	  EM	  residencies	  (50-­‐52).	  	  In	  the	  simulation	  environment,	  it	  might	  be	  helpful	  to	  include	  structured	  templates	  to	  assist	  the	  resident	  in	  documenting	  the	  required	  elements	  for	  each	  simulation	  case.	  	  This	  would	  reinforce	  the	  formal	  documentation	  training	  in	  the	  simulated	  environment	  without	  forcing	  the	  structure	  in	  the	  clinical	  environment.	  	  	  Reliable	  documentation	  of	  the	  course	  of	  treatment	  is	  essential	  to	  patient	  safety	  and	  continuity	  of	  care	  since	  the	  ED	  chart	  is	  often	  the	  only	  communication	  between	  health	  care	  providers	  for	  both	  admitted	  and	  discharged	  patients.	  	  	  	  	  
Performance	  Performance	  was	  measured	  by	  evaluating	  the	  time	  needed	  to	  complete	  the	  charting	  task	  for	  this	  study.	  	  	  Paper	  charts	  took	  significantly	  less	  time	  (5	  minutes)	  to	  complete	  than	  ePD	  (9.5	  minutes).	  	  The	  increase	  in	  charting	  time	  was	  not	  related	  to	  the	  increase	  in	  the	  number	  of	  elements	  included	  on	  ePD	  charts.	  	  The	  ePD	  time	  includes	  logging	  in	  to	  the	  system	  and	  typing	  time,	  while	  the	  paper	  charts	  only	  include	  writing	  time.	  	  Self-­‐reported	  typing	  skills	  are	  better	  than	  average	  for	  both	  groups	  of	  residents	  in	  this	  study.	  	  Charting	  workflow	  changed	  from	  partial	  completion	  during	  the	  case	  with	  paper	  charts	  to	  total	  completion	  after	  the	  case	  with	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ePD	  even	  though	  computers	  were	  available	  during	  the	  case.	  	  In	  ePD	  sessions,	  nurses	  had	  to	  take	  notes	  for	  multiple	  simultaneous	  orders	  rather	  than	  having	  the	  physician	  write	  orders	  on	  a	  paper	  chart	  at	  the	  bedside.	  	  Increased	  charting	  time	  with	  ePD	  is	  reported	  in	  several	  studies	  (16,	  84-­‐86).	  	  Locally,	  a	  soon	  to	  be	  published	  study	  at	  the	  IU	  Health	  Methodist	  ED	  asked	  both	  faculty	  and	  residents	  to	  self-­‐report	  the	  amount	  of	  time	  spent	  after	  shifts	  in	  charting	  tasks.	  On	  average,	  one	  year	  after	  implementation	  of	  ePD,	  faculty	  spend	  41	  minutes	  and	  residents	  spend	  55	  minutes	  more	  time	  after	  shifts	  than	  they	  spent	  charting	  with	  paper	  charts,	  which	  supports	  the	  increase	  in	  charting	  time	  when	  ePD	  is	  used	  (written	  communication	  with	  Melanie	  Heniff,	  MD	  on	  June	  15,	  2014).	  	  A	  46%	  increase	  in	  charting	  time	  and	  the	  changes	  in	  workflow	  observed	  in	  this	  analysis,	  when	  translated	  into	  clinical	  practice,	  have	  significant	  implications	  for	  EM	  physicians	  and	  ED	  patients.	  	  EM	  physicians	  are	  staying	  after	  their	  shifts	  (unpaid)	  or	  postponing	  charting	  tasks	  for	  hours	  or	  days	  (also	  unpaid	  time)	  in	  order	  to	  minimize	  wait	  time	  for	  patients.	  	  Residents	  skip	  conferences	  and	  stay	  late	  after	  shifts	  (work	  hour	  violations)	  to	  complete	  charting	  tasks.	  (87)	  	  Unlike	  other	  physicians	  caring	  for	  outpatients,	  EM	  physicians	  have	  no	  control	  over	  patient	  entry	  into	  the	  ED.	  	  	  EM	  physicians	  must	  manage	  the	  patient	  load	  by	  postponing	  less	  important	  tasks	  (like	  charting)	  or	  increasing	  staffing	  to	  prioritize	  patient	  care.	  	  Increasing	  staffing	  increases	  cost,	  but	  does	  not	  compromise	  patient	  safety	  or	  chart	  quality.	  Delaying	  the	  charting	  task	  may	  affect	  the	  quality	  of	  the	  data	  and	  could	  lead	  to	  more	  errors	  further	  decreasing	  the	  chart	  quality,	  as	  the	  physician	  has	  to	  rely	  on	  memory	  of	  the	  patient	  encounter.	  	  Physician	  wellness	  and	  job	  satisfaction	  are	  adversely	  affected	  by	  the	  addition	  of	  unpaid	  time	  required	  to	  complete	  charts	  (88).	  	  	  In	  addition	  to	  improved	  chart	  quality,	  a	  proposed	  benefit	  of	  EMR	  was	  to	  decrease	  the	  cost	  of	  healthcare	  and	  increase	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efficiency.(88).	  	  	  In	  addition	  to	  improved	  chart	  quality,	  a	  proposed	  benefit	  of	  EHR	  was	  to	  improve	  efficiency	  in	  documentation.	  	  The	  results	  of	  this	  study	  do	  not	  support	  these	  claims.	  	  
Cognitive	  Load	  	  Changes	  in	  workflow	  cause	  changes	  in	  cognitive	  load.	  	  A	  change	  in	  cognitive	  load	  can	  lead	  to	  increased	  risk	  of	  medical	  error	  (8,	  10,	  14).	  	  This	  study	  was	  designed	  to	  compare	  self-­‐reported	  cognitive	  load	  between	  the	  paper	  chart	  and	  ePD	  groups.	  	  The	  NASA	  TLX	  was	  chosen	  to	  evaluate	  cognitive	  load	  as	  it	  is	  well	  validated	  in	  many	  fields	  including	  healthcare	  and	  technology	  use	  (65,	  66).	  	  Study	  participants	  completed	  the	  NASA	  TLX	  after	  the	  charting	  task	  and	  were	  asked	  to	  think	  only	  about	  the	  charting	  task.	  	  The	  total	  cognitive	  load	  score	  was	  not	  different	  between	  the	  groups,	  however	  the	  domains	  of	  mental	  demand	  and	  frustration	  were	  significantly	  different.	  	  Temporal	  demands,	  performance,	  effort,	  and	  physical	  demand	  were	  unchanged	  between	  groups.	  	  There	  was	  no	  relationship	  between	  chart	  quality	  and	  mental	  demand	  or	  frustration.	  	  	  There	  was	  no	  statistically	  significant	  relationship	  between	  time	  needed	  to	  chart	  and	  either	  frustration	  or	  mental	  demand.	  	  	  Mental	  demand	  was	  significantly	  higher	  in	  the	  paper	  chart	  group	  when	  compared	  to	  the	  ePD	  group.	  	  Higher	  mental	  demand	  is	  likely	  from	  the	  relative	  lack	  of	  prompts	  on	  the	  paper	  chart	  when	  compared	  to	  ePD.	  	  For	  example,	  the	  clinician	  is	  not	  prompted	  for	  each	  item	  in	  the	  list	  of	  pain	  evaluation	  on	  the	  paper	  chart.	  	  The	  ePD	  chart	  has	  clear	  sections	  for	  each	  of	  the	  required	  charting	  elements	  so	  the	  structure	  is	  present	  and	  it	  is	  only	  necessary	  to	  answer	  the	  questions	  or	  check	  the	  boxes.	  	  It	  is	  possible	  that	  the	  decrease	  in	  mental	  demand	  caused	  by	  the	  increased	  structure	  is	  responsible	  for	  the	  increase	  in	  the	  frustration	  domain	  for	  the	  ePD	  charts.	  	  	  The	  ePD	  chart	  requires	  the	  clinician	  to	  answer	  the	  same	  questions	  more	  than	  once,	  which	  is	  clearly	  evident	  when	  evaluating	  the	  delta	  scores.	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Error	  Analysis	  With	  the	  increase	  in	  ePD	  use	  in	  EDs,	  there	  has	  been	  a	  significant	  increase	  in	  Medicare	  and	  Medicaid	  billing	  with	  an	  investigation	  into	  possible	  fraud	  (89).	  	  	  	  The	  concern	  is	  that	  the	  ePD	  chart	  makes	  falsification	  errors	  more	  likely	  due	  to	  templates,	  copy/paste,	  and	  checkboxes.	  	  This	  study	  was	  designed	  to	  evaluate	  errors	  in	  the	  three	  categories	  of	  omission,	  mistake	  and	  falsification.	  	  The	  error	  rate	  was	  the	  same	  for	  both	  paper	  and	  ePD	  charts	  with	  an	  average	  of	  10	  errors	  per	  chart	  and	  the	  majority	  being	  omission	  errors	  (8	  out	  of	  10).	  	  Mistakes	  and	  falsifications	  averaged	  one	  per	  chart	  for	  both	  groups.	  	  Paper	  charts	  had	  a	  higher	  error	  rate	  per	  required	  element	  (by	  percent	  error)	  but	  the	  difference	  was	  not	  statistically	  significant.	  	  The	  majority	  of	  errors	  occurred	  in	  the	  history	  and	  physical	  exam	  domains,	  mirroring	  the	  results	  of	  a	  Finnish	  study	  on	  document	  quality	  (90).	  	  This	  is	  likely	  because	  clinicians	  know	  what	  they	  usually	  ask	  during	  a	  history	  and	  what	  they	  usually	  do	  during	  a	  physical	  exam	  and	  chart	  it	  even	  if	  they	  did	  not	  ask	  the	  question	  or	  do	  the	  action.	  There	  was	  a	  significant	  difference	  in	  the	  procedure	  domain	  for	  both	  falsifications	  and	  mistakes,	  however	  the	  mean	  for	  both	  types	  of	  errors	  was	  less	  than	  0.37	  so	  the	  difference	  is	  unlikely	  to	  be	  a	  clinically	  significant	  difference.	  	  	  Falsification	  errors	  in	  the	  history	  domain	  were	  higher	  in	  ePD	  charts,	  which	  might	  be	  a	  result	  of	  the	  need	  to	  fill	  in	  the	  blanks	  on	  the	  semi-­‐structured	  chart	  with	  answers	  that	  make	  sense	  and	  are	  probably	  correct	  even	  though	  the	  question	  was	  not	  asked.	  	  Physical	  exam	  domain	  errors	  were	  higher	  on	  paper	  charts	  and	  appear	  to	  be	  the	  result	  of	  check	  boxes	  on	  the	  physical	  exam	  including	  details	  that	  were	  not	  addressed	  during	  the	  exam.	  	  The	  most	  frequent	  falsifications	  for	  physical	  exam	  were	  eyes,	  abdominal	  exam,	  and	  extremity	  exam.	  	  For	  example,	  the	  checkbox	  for	  extremity	  exam	  includes	  pulses	  intact,	  but	  the	  clinician	  rarely	  checks	  pulses	  in	  all	  four	  extremities.	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The	  results	  of	  this	  study	  do	  not	  support	  the	  claim	  that	  ePD	  has	  increased	  falsification	  errors.	  	  It	  is	  likely	  that	  the	  increase	  in	  ED	  billing	  after	  implementing	  ePD	  is	  more	  likely	  due	  to	  increase	  of	  legitimate	  elements	  included	  in	  the	  chart.	  	  The	  delta	  scores	  indicate	  significantly	  more	  elements	  included	  when	  using	  ePD	  over	  paper	  charts.	  	  	  	  
Training	  Level	  Effects	  Training	  level	  (R1	  –	  R3)	  had	  no	  effect	  on	  reliability,	  quality	  score,	  total	  error	  or	  the	  error	  category	  mistakes.	  	  As	  one	  might	  expect,	  R1s	  were	  less	  efficient	  than	  R2s	  and	  R3s,	  which	  indicates	  that	  they	  include	  more	  information	  on	  average	  than	  is	  required	  to	  communicate	  the	  condition	  of	  the	  patient.	  	  There	  is	  no	  difference	  between	  R2	  and	  R3	  residents	  in	  efficiency.	  	  Accuracy	  was	  significantly	  better	  for	  R1s	  and	  R3s	  when	  compared	  to	  R2s.	  	  Accuracy	  is	  an	  indirect	  measure	  of	  omissions	  and	  indicates	  that	  both	  R1s	  and	  R3s	  are	  more	  likely	  to	  complete	  required	  actions,	  but	  are	  less	  likely	  to	  document	  them	  than	  R2s.	  	  Error	  analysis	  supports	  this	  in	  that	  R2s	  have	  significantly	  fewer	  omission	  errors	  than	  R3s.	  	  Falsification	  errors	  were	  significantly	  higher	  for	  R2s	  than	  for	  R1s	  or	  R3s.	  	  This	  indicates	  that	  R2s	  know	  what	  they	  should	  be	  doing	  or	  know	  what	  they	  usually	  do,	  and	  chart	  the	  action	  as	  if	  it	  were	  done	  even	  if	  they	  did	  not	  do	  the	  action.	  	  	  	  The	  training	  level	  effect	  appears	  to	  be	  a	  natural	  progression	  of	  learning	  from	  the	  R1s	  charting	  everything,	  R2s	  knowing	  what	  should	  be	  done,	  but	  forgetting	  to	  do	  it,	  to	  R3s	  failing	  to	  chart	  everything	  that	  they	  did.	  	  Extending	  this	  study	  to	  faculty	  EM	  physicians	  would	  be	  interesting	  to	  compare	  their	  error	  rate	  to	  the	  R3	  residents.	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Workflow	  There	  is	  a	  noticeable	  change	  in	  workflow	  with	  the	  transition	  from	  partially	  charting	  at	  the	  bedside	  during	  the	  patient	  encounter	  with	  paper	  charts	  to	  completely	  charting	  at	  the	  computer	  after	  the	  patient	  encounter	  with	  ePD.	  	  The	  fast	  pace	  and	  acuity	  of	  the	  simulation	  patients	  does	  not	  allow	  the	  clinician	  time	  to	  log	  in	  to	  the	  ePD	  workstation	  during	  the	  patient	  encounter	  which	  is	  likely	  the	  same	  as	  the	  clinical	  environment	  when	  caring	  for	  acutely	  ill	  patients.	  	  The	  nurses	  often	  requested	  that	  the	  physician	  write	  orders	  on	  the	  paper	  chart	  during	  the	  simulation,	  but	  with	  ePD,	  the	  nurses	  wrote	  the	  orders	  down	  themselves	  on	  a	  notepad	  during	  the	  simulation.	  	  The	  inability	  to	  quickly	  write	  notes	  and	  orders	  in	  the	  electronic	  record	  increases	  the	  memory	  burden	  on	  the	  clinician	  and	  when	  caring	  for	  multiple	  patients,	  has	  the	  potential	  to	  increase	  documentation	  errors.	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LIMITATIONS	  This	  study	  presents	  a	  best-­‐case	  scenario	  evaluation	  of	  chart	  quality	  by	  limiting	  the	  charting	  task	  to	  a	  single	  patient	  without	  interruptions.	  	  ED	  physicians	  care	  for	  multiple	  patients	  simultaneously	  and	  often	  see	  16	  to	  24	  patients	  during	  an	  eight	  to	  ten	  hour	  shift	  so	  it	  is	  likely	  that	  repeating	  this	  study	  in	  situ	  in	  the	  ED	  would	  yield	  significantly	  higher	  error	  rates	  and	  lower	  chart	  quality.	  	  	  Examining	  a	  mannequin	  is	  different	  than	  examining	  a	  live	  patient	  and	  may	  have	  impacted	  the	  documentation	  of	  the	  history	  and	  physical	  exam.	  	  The	  gold	  standard	  elements	  were	  selected	  by	  two	  EM	  physicians	  from	  the	  same	  practice	  and	  may	  not	  reflect	  the	  entire	  practice	  of	  EM.	  	  The	  study	  only	  evaluated	  EM	  resident	  charting	  at	  a	  single	  institution	  with	  a	  single	  EMR	  so	  the	  results	  may	  not	  be	  generalizable	  to	  other	  institutions	  or	  specialties.	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FUTURE	  DIRECTIONS	  The	  logical	  extension	  of	  this	  study	  is	  to	  evaluate	  the	  multiple	  patient	  simulation	  charts	  for	  changes	  in	  error	  rate,	  cognitive	  load	  and	  quality	  followed	  by	  delaying	  the	  charting	  task	  24	  to	  48	  hours	  after	  the	  simulation	  session	  to	  better	  simulate	  the	  routine	  practice	  of	  charting	  at	  home	  following	  a	  busy	  shift.	  	  With	  the	  focus	  of	  hospital	  corporations	  and	  ED	  groups	  on	  billing,	  it	  would	  be	  interesting	  to	  compare	  chart	  quality	  to	  billing	  quality	  and	  look	  for	  overlap	  in	  errors.	  	  The	  results	  of	  this	  study	  stress	  the	  need	  for	  formal	  training	  in	  clinical	  documentation	  for	  EM	  residents	  to	  improve	  the	  quality	  and	  reliability	  of	  charts.	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CONCLUSION	  The	  high	  fidelity	  simulation	  environment	  is	  an	  excellent	  laboratory	  to	  study	  the	  impact	  of	  EHR	  implementation	  in	  the	  ED.	  	  It	  is	  possible	  to	  evaluate	  charting	  errors	  that	  would	  not	  be	  possible	  to	  elucidate	  in	  the	  clinical	  environment.	  	  Charting	  time	  can	  be	  accurately	  measured	  without	  interruptions	  and	  multiple	  patients	  artificially	  inflating	  it.	  	  Overall	  charting	  quality	  for	  ED	  charts	  is	  poor	  with	  an	  average	  of	  37%	  difference	  between	  what	  is	  charted	  and	  what	  should	  be	  charted	  to	  communicate	  the	  patient’s	  course	  in	  the	  ED	  and	  does	  not	  improve	  during	  the	  EM	  resident	  training	  years.	  	  Workflow	  changes	  with	  the	  introduction	  of	  ePD,	  but	  there	  is	  no	  overall	  change	  in	  cognitive	  load	  for	  ED	  physicians.	  	  The	  bottom	  line	  is	  that	  although	  there	  is	  an	  increase	  in	  the	  time	  needed	  to	  chart	  using	  ePD	  there	  is	  no	  difference	  in	  quality	  measures	  or	  cognitive	  load	  between	  paper	  charts	  and	  ePD	  charts.	  	  With	  the	  current	  system,	  the	  HITECH	  goals	  of	  improved	  quality	  and	  efficiency	  are	  not	  being	  met.	  	  	  Changes	  in	  the	  current	  ePD	  are	  required	  to	  minimize	  the	  time	  differences	  between	  ePD	  and	  paper	  charts	  and	  maximize	  efficiency	  in	  the	  ED.	  	  	  Specific	  training	  for	  clinical	  documentation	  to	  maximize	  quality	  as	  well	  as	  billing	  should	  be	  implemented	  in	  the	  ED	  residency	  training	  programs.	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APPENDIX	  1	  –	  NASA	  TLX	  
Instructions	  for	  NASA	  TLX	  Evaluation	  given	  to	  study	  participants	  
NASA	  TLX	  	  -­‐	  Sources	  of	  Workload	  Evaluation	  The	  evaluation	  you	  are	  about	  to	  perform	  was	  developed	  by	  NASA	  to	  assess	  the	  relative	  importance	  of	  six	  factors	  in	  determining	  how	  much	  workload	  you	  experienced	  in	  the	  charting	  task	  you	  performed.	  	  The	  procedure	  is	  simple:	  	  You	  will	  be	  presented	  with	  a	  series	  of	  pairs	  of	  rating	  scale	  titles	  (for	  example,	  Effort	  vs.	  Mental	  Demand)	  and	  asked	  to	  choose	  which	  of	  the	  items	  was	  more	  important	  to	  your	  experience	  of	  workload	  in	  the	  task	  (charting)	  that	  you	  just	  performed.	  	  Each	  pair	  of	  scales	  will	  appear	  separately.	  	  Mark	  the	  scaled	  title	  that	  represents	  the	  most	  important	  contributor	  to	  workload	  for	  the	  charting	  task	  you	  just	  performed.	  	  Please	  consider	  your	  choices	  carefully	  and	  make	  them	  consistent	  with	  how	  you	  used	  the	  rating	  scales.	  	  There	  are	  no	  correct	  answers	  or	  patterns;	  we	  are	  only	  interested	  in	  your	  personal	  experience.	  	  
Rating	  scales	  This	  set	  of	  six	  workload	  scales	  was	  developed	  by	  NASA	  for	  you	  to	  use	  in	  evaluating	  your	  experiences	  during	  different	  tasks.	  	  Please	  read	  the	  descriptions	  of	  the	  scales	  carefully.	  It	  is	  extremely	  important	  that	  they	  be	  clear	  to	  you.	  	  After	  your	  simulation	  and	  charting,	  you	  will	  be	  given	  a	  sheet	  of	  rating	  scales	  in	  a	  redcap	  survey.	  	  You	  will	  evaluate	  each	  task	  by	  marking	  each	  scale	  at	  the	  point,	  which	  matches	  your	  experience.	  	  Each	  line	  has	  two	  end	  point	  descriptors	  that	  describe	  the	  scale.	  	  Note	  that	  “performance”	  goes	  from	  good	  on	  the	  left	  to	  bad	  on	  the	  right,	  which	  is	  different	  from	  the	  others.	  	  Please	  consider	  each	  scale	  individually.	  	  Your	  ratings	  will	  play	  an	  important	  role	  in	  the	  evaluation	  being	  conducted,	  thus	  your	  active	  participation	  is	  essential	  to	  the	  success	  of	  this	  process	  and	  is	  greatly	  appreciated	  by	  all	  of	  us.	  	  
Mental	  Demand	   How	  much	  mental	  and	  perceptual	  activity	  was	  required	  (e.g.	  thinking,	  deciding,	  calculating,	  remembering,	  looking	  searching,	  etc.)?	  	  Was	  the	  task	  easy	  or	  demanding,	  simple	  or	  complex,	  exacting	  or	  forgiving?	  Physical	  Demand	   How	  much	  physical	  activity	  (e.g.	  pushing,	  pulling,	  turning,	  controlling,	  activating)?	  	  Was	  the	  task	  easy	  or	  demanding,	  slow	  or	  brisk,	  slack	  or	  strenuous,	  restful	  or	  laborious?	  Temporal	  Demand	   How	  much	  time	  pressure	  did	  you	  feel	  due	  to	  the	  rate	  or	  pace	  at	  which	  the	  task	  or	  task	  elements	  occurred?	  	  Was	  the	  pace	  slow	  and	  leisurely	  or	  rapid	  and	  frantic?	  Performance	   How	  successful	  do	  you	  think	  you	  were	  in	  accomplishing	  the	  goals	  of	  the	  task	  set	  by	  yourself?	  	  How	  satisfied	  were	  you	  with	  your	  performance	  in	  accomplishing	  these	  goals?	  Effort	   How	  hard	  did	  you	  have	  to	  work	  (mentally	  and	  physically)	  to	  accomplish	  your	  level	  of	  performance?	  Frustration	  Level	   How	  insecure,	  discourage,	  irritated,	  stressed	  and	  annoyed	  versus	  secure,	  gratified,	  content,	  relaxed	  and	  complacent	  did	  you	  feel	  during	  the	  task?	  	  	   	  
	  56	  
Example	  of	  Comparisons	  used	  for	  determining	  weighted	  averages	  
Physical Demand 
vs. 
Mental Demand 
 
Temporal Demand 
vs. 
Physical Demand 
 
Temporal Demand 
vs. 
Frustration 
 
Temporal Demand 
vs. 
Mental Demand 
 
Performance 
vs. 
Physical Demand 
 
Temporal Demand 
vs. 
Effort 
 
Performance 
vs. 
Mental Demand 
 
Frustration 
vs. 
Physical Demand 
 
Performance 
vs. 
Frustration 
 
Frustration 
vs. 
Mental Demand 
 
Effort 
vs. 
Physical Demand 
 
Performance 
vs. 
Effort 
 
Effort 
vs. 
Mental Demand 
 
Temporal Demand 
vs. 
Performance 
 
Effort 
vs. 
Frustration 
 	  
Example	  of	  rating	  scales	  used	  for	  workload	  	  Mental	  Demand	  |-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|	   	  	  Physical	  Demand	  |-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|	   	  	  Temporal	  Demand	  |-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|	   	  	  Performance	  |-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|	   	  	  Effort	  |-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|	   	  	  Frustration	  |-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|-­‐-­‐-­‐-­‐-­‐|	   	   	  
Low	   High	  
Low	   High	  
Low	   High	  
Good	   Bad	  
Low	   High	  
Low	   High	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NASA	  TLX	  Scoring	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APPENDIX	  2	  –	  EXAMPLE	  SIMULATION	  CASE	  FILE	  
 
Title	  EMER_MED_MS_1_CP	  	  
Additional	  Material	  EMER_MED_MS_1_CP_EKG_1.jpg	  –	  Initial	  EKG	  handed	  to	  students	  EMER_MED_MS_1_CP_EKG_2.jpg	  –	  Second	  EKG	  handed	  to	  students	  EMER_MED_MS_1_CP_CXR.jpg	  –	  CXR	  available	  for	  view	  on	  monitor	  
	  
Target	  audience	  	  R1	  Orientation	  	  
Brief	  Summary	  55yo	  M	  who	  comes	  in	  complaining	  of	  chest	  pain	  earlier,	  initially	  has	  normal	  EKG,	  while	  in	  department	  develops	  recurrent	  chest	  pain	  and	  repeat	  EKG	  shows	  STEMI	  and	  needs	  heart	  catheterization.	  	  
Text	  to	  be	  shown	  on	  screen	  prior	  at	  beginning	  of	  case:	  55	  yo	  Mr.	  Walker	  presents	  by	  EMS	  after	  having	  an	  episode	  of	  crushing	  substernal	  chest	  pain	  that	  resolved	  on	  arrival	  of	  EMS.	  	  
Suggested	  Learning	  Objectives	  General:	  
• Taking	  a	  quick	  history	  
• Interacting	  with	  consultants	  
• Patient	  teaching	  of	  therapies	  
• Reassessing	  patient	  when	  circumstances	  change	  Scenario	  Specific:	  
• History	  taking	  of	  chest	  pain	  
• Recognize	  ST	  elevation	  MI	  on	  EKG	  
• Treatment	  of	  suspected	  unstable	  angina	  and	  acute	  MI	  
• Cardiology	  consultation/	  cath	  lab	  activation	  Core	  competencies	  addressed	  (Include	  those	  that	  apply	  to	  this	  specific	  case):	  1. Patient	  care	  2. Medical	  knowledge	  3. Interpersonal	  and	  communication	  skills	  4. Professionalism	  	  
Setting	  Emergency	  Department,	  patient	  is	  sitting	  in	  an	  acute	  bed.	  	  No	  family	  members	  present..	  	  The	  nurse	  has	  left	  the	  room	  to	  see	  another	  patient.	  	  
Equipment	  Required:	  Adult	  mannequin,	  nasal	  cannula	  oxygen,	  diaphoresis?	  	  
Patient	  Description	  Admit	  Date:	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Hospital	  Day:	  0	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Name:	  John	  Walker	  	  	  	  	  	  	  	  	  	  	  	  Gender:	  	  M	  Age:55	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Race:	  Caucasian	  Weight:	  70kg	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Height:	  5’11”	  Religion:	  none	  Major	  Support:	  none	  Attending	  Physician:	  none	  History	  of	  Present	  Illness	  (HPI):	  Patient	  has	  had	  several	  5-­‐10	  minute	  episodes	  of	  substernal	  chest	  pain	  over	  the	  last	  2	  days	  that	  came	  on	  while	  moving	  some	  boxes	  or	  exerting	  himself,	  pain	  is	  	  8/10	  when	  present,	  described	  as	  pressure	  radiating	  to	  L	  arm	  and	  jaw.	  	  Associated	  SOB,	  nausea/vomiting	  x1.	  	  He	  has	  had	  no	  prior	  episodes	  of	  this	  or	  other	  chest	  pain.	  Past	  Medical	  History:	  	  	  	  	  	  Allergies:	  None	  	  	  	  	  	  Medications:	  	  metoprolol,	  furosemide,	  lisinopril,	  pravastatin	  	  	  	  	  	  Immunizations:	  UTD	  	  	  	  	  	  Medical	  History:	  Hypertension,	  hypercholesterolemia	  	  	  	  	  	  	  Surgical	  History:	  inguinal	  hernia	  repair	  10	  years	  ago	  	  	  	  	  	  Trauma:	  n/a	  	  	  	  	  	  Diet	  Requirements:	  n/a	  	  	  	  	  	  GYN	  History:	  n/a	  Social	  History:	  	  20	  pk-­‐yr	  smoking	  history,	  investment	  banker	  Family	  History:	  	  Father	  died	  of	  CVA	  at	  60yo,	  Brother	  with	  hypertension	  Review	  of	  Systems:	  	  CP,	  SOB,	  nausea/vomiting,	  otherwise	  negative	  Physical	  Exam:	  	  	  	  	  	  Vital	  Signs:	  HR-­‐84;	  	  BP-­‐155/69;	  	  RR-­‐18;	  	  O2-­‐96%,	  Temp-­‐98.2	  	  	  	  	  	  HEENT:	  wnl	  	  	  	  	  	  Neck:	  wnl	  	  	  	  	  	  Chest:	  tachypneic,	  CTA	  B	  	  	  	  	  	  Cardiac:	  tachy,	  no	  murmurs	  	  	  	  	  	  Back:	  wnl	  	  	  	  	  	  Breast:	  wnl	  	  	  	  	  	  Abdomen:	  wnl	  	  	  	  	  	  Genital/Urinary:	  wnl	  	  	  	  	  	  Rectal:	  wnl	  	  	  	  	  	  Musculoskeletal:	  wnl	  	  	  	  	  	  Vascular:	  wnl	  	  	  	  	  	  Neurologic:	  wnl	  	  	  	  	  	  Integument:	  wnl	  	  Primary	  Medical	  Diagnosis:	  	  
• Unstable	  Angina/Acute	  Coronary	  Syndrome	  	  Diagnostics	  Indicated:	  
• EKG	  –	  normal	  
• CXR	  -­‐	  wnl	  	  Therapy	  Indicated:	  
• ASA	  
• O2	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• Nitroglycerin	  if	  pain	  returns	  
• +/-­‐	  heparin/enoxaparin	  
• +/-­‐	  beta	  blockers	  
• Admission	  	  Consultants:	  
• Cardiology	  	  Diagnostics/	  Therapy	  not	  available	  to	  learner:	  none	  	  	  
Scenario	  Story	  Board	  
Initial	  Presentation	  of	  Patient	  
	  Vital	  Signs	  /	  Monitor	  Readings	  HR-­‐84;	  	  BP-­‐155/69;	  	  RR-­‐18;	  	  O2-­‐96%,	  Temp-­‐98.2	  Other	  Normal	  Sinus	  Rhythm	  Assessment	  Findings	  CNS	  -­‐	  wnl	  Cardio	  -­‐	  tachy	  with	  pvcs	  Respiratory	  -­‐	  wnl	  GI	  -­‐	  wnl	  GU	  -­‐	  wnl	  Integumentary	  -­‐	  wnl	  Patient	  Vocal	  Sounds	  –	  speaking	  easily	  Expected	  Learner	  Interventions	  
• Take	  a	  quick	  history	  of	  chest	  pain	  
• Ask	  for	  an	  EKG	  
• Initiate	  chest	  pain	  workup	  and	  admission	  for	  further	  testing	  (CXR,	  CM,	  CBC,	  etc.)	  	  Patient	  Outcomes	  with	  appropriate	  interventions	  
• After	  8	  minutes	  (or	  students	  have	  completed	  initial	  interventions),	  patient	  will	  develop	  more	  severe	  and	  continuous	  chest	  pain,	  becoming	  diaphoretic	  and	  clammy,	  have	  nurse	  say	  patient	  looks	  very	  sweaty.	  	  Patient	  Outcomes	  with	  inappropriate	  or	  lack	  of	  interventions	  
• Patient	  questions	  why	  he	  was	  having	  chest	  pain	  earlier	  
• Same	  as	  with	  appropriate	  interventions	  	  Cues/Prompt	  desired	  
• If	  students	  seem	  stumped	  with	  what	  to	  do	  once	  severe	  episode	  of	  chest	  pain	  develops	  have	  nurse	  recommend	  some	  nitro	  and/or	  a	  repeat	  ekg.	  	  
Transitional	  Period	  Vital	  Signs	  /	  Monitor	  Readings	  HR-­‐108;	  	  BP-­‐172/85;	  	  RR-­‐29;	  	  O2-­‐100%	  if	  student	  put	  o2	  on	  2LNC,	  Temp-­‐98.2	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Other	  ST	  elevation	  MI	  with	  frequent	  PVCs	  on	  monitor	  Assessment	  Findings	  CNS	  -­‐	  wnl	  Cardio	  -­‐	  tachy	  with	  pvcs	  Respiratory	  -­‐	  tachypneic	  GI	  -­‐	  wnl	  GU	  -­‐	  wnl	  Integumentary	  -­‐	  diapohoretic	  Patient	  Vocal	  Sounds	  –	  speaking	  in	  4-­‐5	  word	  sentences	  secondary	  to	  pain	  Expected	  Learners	  Interventions	  
• Appropriately	  diagnose	  ST	  elevation	  MI	  on	  EKG	  
• Treat	  Acute	  MI:	  
• ASA-­‐if	  not	  already	  done	  
• 02	  
• Nitrates	  
• +/-­‐	  morphine	  
• Initiate	  reperfusion	  therapy	  (card	  consult	  for	  cath	  or	  thrombolytics)	  	  Patient	  Outcomes	  with	  appropriate	  interventions	  
• Chest	  pain	  improves	  to	  2/10	  
• Patient	  thanks	  provider	  	  Patient	  Outcomes	  with	  inappropriate	  or	  lack	  of	  interventions	  
• Pain	  worsens,	  patient	  c/o	  “heaviness”	  	  
• increasing	  PVCs	  on	  monitor	  
	  Cues/Prompt	  desired	  
• Patient	  verbalizes	  pain	  	  Telephone	  Orders	  Call	  Cardiology	  consult	  
Conclusion	  Vital	  Signs	  /	  Monitor	  Readings	  HR-­‐92;	  	  BP-­‐128/69;	  	  RR-­‐16;	  	  O2-­‐96%	  2LNC,	  Temp-­‐98.2	  Other	  ST	  elevation	  MI	  with	  frequent	  PVCs	  on	  monitor	  Assessment	  Findings	  CNS	  -­‐	  wnl	  Cardio	  –	  nsr,	  pvcs	  Respiratory	  -­‐	  wnl	  GI	  -­‐	  wnl	  GU	  -­‐	  wnl	  Integumentary	  –	  less	  diapohoretic	  Patient	  Vocal	  Sounds	  –	  speaking	  in	  full	  sentences	  with	  less	  pain	  	  Expected	  Learners	  Interventions	  
• Treat	  Acute	  MI	  per	  cardiology	  recs:	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• Plavix	  600mg	  PO	  
• Heparin	  5000	  units	  IV	  then	  wt	  based	  drip	  (if	  not	  given	  already)	  
• Discuss	  need	  to	  go	  to	  cath	  lab	  with	  patient	  	  Patient	  Outcomes	  with	  appropriate	  interventions	  
• Chest	  pain	  constant	  at	  3/10	  
• Patient	  agrees	  to	  cath	  lab	  	  Patient	  Outcomes	  with	  inappropriate	  or	  lack	  of	  interventions	  
• Pain	  worsens,	  patient	  asks	  why	  he	  needs	  to	  go	  to	  cath	  lab	  and	  why	  cant	  you	  just	  give	  me	  some	  medicine	  and	  to	  speak	  to	  a	  cardiologist	  	  
• Asks	  to	  sign	  out	  against	  medical	  advice	  
	  Cues/Prompt	  desired	  
• Patient	  asks	  how	  do	  you	  treat	  a	  heart	  attack,	  will	  he	  get	  a	  heart	  cath?	  
• If	  learner	  is	  doing	  well,	  patient	  could	  initially	  resist	  cath	  Telephone	  Orders	  	  
	  
	  
Important	  Scenario	  Focal	  Point	  1	  
• chest	  pain	  history	  
	  
Rationale	  Focused	  history	  and	  evaluation	  are	  essential	  to	  emergency	  medicine	  practice	  
Important	  Scenario	  Focal	  Point	  2	  
• Recognize	  and	  treat	  Unstable	  Angina	  appropriately	  
• Recognize	  change	  in	  patient	  condition	  and	  reevaluate	  and	  discover	  STEMI	  
	  
Rationale	  Regardless	  of	  future	  specialty,	  students	  should	  recognize	  and	  know	  how	  to	  treat	  Unstable	  Angina/acute	  STEMI	  
	  
Important	  Scenario	  Focal	  Point	  3	  
• Communication	  with	  consultant	  and	  patient	  	  
Rationale	  Essential	  to	  future	  medical	  practice	  in	  any	  field	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Story	  Board	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APPENDIX	  3	  –	  SAMPLE	  PAPER	  ED	  CHART	  All	  information	  contained	  in	  the	  chart	  is	  for	  a	  simulated	  patient	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APPENDIX	  4	  –	  SAMPLE	  EPD	  ED	  CHART	  All	  information	  contained	  in	  the	  chart	  is	  for	  a	  simulated	  patient	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APPENDIX	  5	  –	  GOLD	  STANDARD	  EXAMPLE	  Green	  Highlights	  are	  required	  elements	  
Title	  Case	  R2-­‐	  6:	  	  Hypertensive	  emergency	  with	  encephalopathy	  
	  
History	  of	  Present	  Illness	  (HPI):	  
Medics	  arrive	  with	  a	  patient	  in	  restraints	  with	  police	  holding	  patient	  down.	  	  “This	  is	  Bob	  Jones,	  
we	  were	  called	  for	  public	  disturbance	  and	  found	  him	  in	  his	  neighbor’s	  yard	  urinating	  on	  the	  
grill.	  	  It	  took	  some	  work	  but	  we	  got	  him	  restrained	  and	  here	  he	  is.	  	  We	  were	  unable	  to	  get	  vitals	  
enroute.”	  
	  
NOTE	  PMH/Shx/ROS	  all	  unobtainable	  due	  to	  pt’s	  AMS	  
	  
Hx	  –	  4	  +	  3(PMH,	  Sx,	  ROS	  –	  UTO)	  
	  
Physical	  Exam:	  	  	  	  	  	  	  Vital	  Signs:	  	  HR-­‐96;	  	  BP-­‐250/160;	  	  RR-­‐24;	  	  O2-­‐97%,	  Temp-­‐97.8	  	  	  	  	  	  	  	  	  General:	  confused,	  dressed	  in	  just	  boxers	  and	  shouts	  out	  at	  people	  	  	  	  	  	  	  HEENT:	  pupils	  4mm	  and	  reactive	  	  	  	  	  	  Neck:	  NT,	  full	  ROM	  	  	  	  	  	  Chest:	  tachypnic,	  B	  crackles	  	  	  	  	  	  Cardiac:	  III/VI	  systolic	  M,	  RRR	  	  	  	  	  	  Back:	  no	  trauma	  	  	  	  	  	  	  	  Abdomen:	  soft,	  ND,	  ND,	  +BS	  	  	  	  	  	  Genital/Urinary:	  normal	  male	  genitalia	  	  	  	  	  	  Rectal:	  no	  gross	  blood,	  good	  tone	  	  	  	  	  	  Musculoskeletal:	  no	  deformity,	  no	  sign	  of	  trauma	  	  	  	  	  	  Vascular:	  2+	  pulses	  	  	  	  	  Neurologic:	  confused,	  shouts	  at	  people,	  moves	  all	  4	  but	  unable	  to	  cooperate	  with	  further	  exam	  	  	  	  	  	  Integument:	  no	  rash	  
	  
PE	  17	  
	  
Diagnostics	  Indicated:	  
o Repeat	  BP	  will	  be	  the	  same.	  	  Accucheck	  100.	  	  	  
o Resident	  should	  order	  EKG,	  labs,	  HCT,	  CXR,	  urine	  studies	  
o EKG	  –	  LVH	  
o CXR	  	  –	  pulmonary	  edema	  
o HCT	  –	  cerebral	  edema	  	  
Therapy	  Indicated:	  
o Resident	  should	  treat	  blood	  pressure	  with	  IV	  meds:	  (Choices)	  
o Nicardipine	  	  
o Labetalol	  
o Esmolol	  
o Goal	  BP:	  25%	  decrease	  (SBP	  200	  in	  this	  pt)	  
o Neuro	  exam	  should	  improve	  as	  BP	  decreases.	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Consultants:	  
• ICU	  
	  
Meds	  –	  1	  
Proc	  –	  5	  
MDM	  -­‐	  4	  
Transitional	  Period	  
	  Vital	  Signs	  /	  Monitor	  Readings	  	  BP	  	  	  	  248/150	  	  	  	  HR	  	  	  97	  	  	  	  	  	  RR	  	  22	  	  	  	  Temp	  	  	  97.8	  	  	  	  Sp02	  	  97%	  RA	  	  	  	  	  	  Chest:	  tachypnic,	  B	  crackles	  	  	  	  	  	  Cardiac:	  III/VI	  systolic	  M,	  RRR	  	  	  	  	  	  Abdomen:	  soft,	  ND,	  ND,	  +BS	  	  	  	  	  	  Neurologic:	  confused,	  moves	  all	  4	  but	  unable	  to	  cooperate	  with	  further	  exam	  
	  
PE	  –	  2	  
	  
Conclusion	  
	  Vital	  Signs	  /	  Monitor	  Readings	  	   BP	  198/90	  	  	  HR	  	  88	  	  	  	  	  	  	  RR	  	  20	  	  	  	  Temp	  	  97.9	  	  	  	  	  	  	  Sp02	  	  	  100%	  	  	  	  	  	  Chest:	  tachypnic,	  B	  crackles	  	  	  	  	  	  Cardiac:	  III/VI	  systolic	  M,	  RRR	  	  	  	  	  	  Abdomen:	  soft,	  ND,	  ND,	  +BS	  	  	  	  	  	  Neurologic:	  less	  confused	  as	  BP	  decreases	  
	  
PE	  –	  2	  
	  	  Gold	  Total	  Hx	  –	  7	  PE	  –	  21	  Proc	  –	  5	  Med	  –	  1	  MDM	  -­‐	  4	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